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NS4 NUCLEIC ACIDS AND POLYPEPTIDES AND METHODS OF USE FOR THE 
TREATMENT OF BODY WEIGHT DISORDERS 



RELATION BACK 

This application claims priority under 35 U.S.C. § 1 19 to U.S.S.N. 60/212,901, filed June 20, 2000 (Docket 
0 Number PR287 1 ), which is hereby incorporated by reference, 
j FIELD OF THE INVENTION 

The present invention relates to NS4 genes, including the human NS4 gene, which are novel genes involved 
in the control of mammalian body weight. The scope of the invention includes the identification and isolation of 
novel DNA encoding and to the recombinant production of novel polypeptides designated herein as NS4 
! polypeptides, and to methods, compositions and assays utilizing such polypeptides involved in the control of 
mammalian body weight. The invention encompasses nucleotide sequences of the NS4 nucleic acid, host cell 
expression systems and hosts which have been transformed by these expression systems, including transgenic animals. 
Further included are NS4 proteins, polypeptides and peptides containing NS4 amino acid sequences, fusion proteins 
of NS4 proteins, polypeptides and peptides, and antibodies specifically binding thereto. 

The present invention also relates to methods and compositions for the diagnosis and treatment of 
mammalian body weight disorders, including obesity, cachexia, and anorexia, and for the identification of subjects 
susceptible to such disorders. Further, the invention relates to methods of using the NS4 polynucleotide of the 
invention for the identification of compounds which modulate the expression of the NS4 polynucleotide and/or the 
activity of the NS4 polynucleotide. Such compounds can be useful as therapeutic agents in the treatment of 
mammalian body weight disorders, including obesity, cachexia, and anorexia. 



BACKGROUND OF THE INVENTION 
Obesity is a chronic disease that is highly prevalent in modern society (e.g., 30% to 50% of middle-aged 
population). Other body weight disorders, such as anorexia nervosa and bulimia nervosa, also pose serious hJlth 
threats. Further, disorders as anorexia and cachexia (wasting) are also prominent features of other diseases such as 
cancer, cystic fibrosis, and AIDS. Obesity, or an excess of body fat relative to lean body mass, are associated not only 
with social stigma, but also with decreased life span and numerous medical problems, including adverse psychological 
development, reproductive disorders such as polycystic ovarian disease, dermatological disorders such as infections, 
varicose veins, Acanthosis nigricans, and eczema, exercise intolerance, abnormal metabolism, hyperphagia, diabetes 
mellitus, insulin resistance, hypertension, hypercholesterolemia, stroke, hyperlipemia, cholelithiasis, osteoarthritis, 
orthopedic injury, thromboembolic disease, cancer, and coronary heart disease. Rissanen et a/., British Medical 
Journal m 835-837 (1990); Nishina, P.M. et al,. Metab. 43: 554-558 (1994); Grundy, S.M. & Barnett, J.P., Dis. 
Mon.26: 641-731 (1990). 
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Obesity is not merely a behavioral problem, i.e., the result of voluntary hyperphagia. Rather, the differentia, 
body composition observed between obese and norma, subjects results from differences in both metabolism and 
neurologic/metabolic interactions. These differences seem to be, to some extent, due to differences in gene 
express,on, and/or level of gene products or activity (Friedman, J.M. et al, Mammalian Gene 1: 130-144 (.99.) 

The epidemiology of obesity strongly shows that the disorder exhibits inherited characteristics (Stunkard 
K Eng. J. Med. 322: .438 (1990). Moll et al have reported that, in many popu.ations, obesity seems to be control 
by a few genetic loci (Moll e, al, Am. J. Hum. Gen. 49: .243 (.99.). ,„ addition, human twin studies strongs- 
suggest a substantia, genetic basis in the contro. of body weight, with estimates of heritabi.ity of 80-90% 
(S im0 pou.os, A.P. 4 Chi.ds, B., Eds., .989, in "Genetic Variation and Nutrition in Obesity", Wor.d Review of 
1 0 Nutrition and Diabetes 63, S. Karger, Base., Switzerland; Borjeson, M. , .976, Acta. Paediat, Scand 65- ,79-287) 
in other studies, non-obese persons who deliberately attempted to gain weight by systematica.ly over-eating 
J were found to be more resistant to such weight gain and able to maintain an elevated weight only by very high caloric 
CO -make. In contrast, spontaneously obese individuals are able to maintain their status with norma, or on.y moderately 
elevated caloric intake. ,n addition, it is a commonplace experience in anima. husbandry that different strains of 
sw,ne, cattle, etc., have different predispositions to obesity. Studies of the genetics of human obesity, and of animal 
models of obesity demonstrate that obesity results from complex defective regulation of both food intake food 
.nduced energy expenditure, and of the balance between lipid and lean body anabolism. 

There are a number of genetic diseases in man and other species which feature obesity among their more 
promment symptoms, along with, frequently, dysmorphic features and mental retardation. For examp.e Prader- Willi 
syndrome (PWS; reviewed in Kno.l, J.H. etal, Am. J. Med. Gene, 46: 2-6 (.993) affects approximately , in 20 000 
2 ,,Ve b ' rthS ' inV ° ,VeS P °° r ne0natal ™ scl * tone, facia, and genital deformities, and generally obesity 

In addition to PWS, many other pleiotropic syndromes have been characterized which inc.ude obesity as a 
symptom. These syndromes are genetically straightforward, and appear to involve autosoma. recessive alle.es Such 
d.seases include, among others, Ah.stroem, Carpenter, Bardet-Biedl, Cohen, Morgagni-Stewart and Morgagni-Mone. 
£o Syndromes. 

A number of mode.s exists for the study of obesity (see, e.g., Bray, G. A., Prog. Brain Res 93- 333-34. 
(1992); and Bray, G.A.„W. J. Clin. Nutr. 5: 89,-902 (1989). For examp.e, anima.s having mutations which lead 
to syndromes that include obesity symptoms have also been identified. Attempts have been made to utilize such 
an.ma.s as mode.s for the study of obesity, and the best studied anima. mode.s to date for genetic obesity are mice 
Forrev.ews, see, e.g., Friedman, J.M. eta,., Mamm. Gen. ,: ,30-144 (.99.); Friedman, J.M. and Liebe. R L Cell 
69:217-220(1992). ' ' " 

Studies utilizing mice have confirmed that obesity is a very complex trait with a high degree of heritabi.ity 
Mutat,ons at a number of loci have been identified which lead to obese phenotypes. These inc.ude the autosoma. 
recessive mutations obese (ob), diabetes (db), fat (fat), and tubby (tub). 

The dominant Ye..ow mutation (Ay) at the agouti .ocus is causes a pleiotropic syndrome which causes 
moderate adult onset obesity, a ye,.ow coat color, and a high incidence of tumor formation (Herberg, L. and Coleman 
D.L., Metabolism 26:59 (.977), and an abnormal anatomic distribution of body fat (Coleman, D. L., Diatetologia 
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14: 141-148 (1978). The mutation causes the widespread expression of a protein which is normally seen only in 
neonata. skin (Michaud, E. J. et a,., Genes Deve,. 8, 463-1472 (,994). The agouti protein has been reported to be 
a competitive antagonist of a-MSH binding to the melanocortin receptors MC.-R and MC4-R /„ vi ,ro (Lu e, al. 
Nature 37, :799-802 (,996), and the authors speculated that de-regu,ated ubiquitous expression of agouti may lead' 
to obesity by antagonism of melanocortin receptors expressed outside the hair follicles. 

In summary, therefore, obesity, poses a major, worldwide health problem, and is a complex disease with a 
h.gh degree of inheritance. Given the seventy, prevalence, and potential heterogeneity of such disorders, there exists 
a great need for the identification of those genes that participate in the control of body weight. 

Considering the high prevalence of obesity in our society and the serious consequences associated therewith 
as d,scussed above, any therapeutic drug potentially usefc. in reducing weight of obese persons could have a profound 
beneficial effect on their health. There is a need in the art for a drug that will reduce total body weight of obese 
subjects toward their ideal body weight without significant adverse side effects and that will help the obese subject 
maintain the reduced weight level. 

Convention known therapies for obesity include standard diets and exercise, very low calorie diets 
behav.ora. therapy, pharmacotherapy involv.ng appetite suppressants, thermogenic drugs, food absorption inhibitors' 
mechamca. devices such as jaw wiring, waist cords and balloons, and surgery. Jung and Chong, Clinical 
Endocrinol , ,- 20 (1991); Bray, A m . J. Clin. Nutr. 55: 538S-544S (.992). Some success has been reported 
by prote.n-sparing modified fasting to achieve weight reduction in adolescent, Lee et al. Clin. Pediatr 31- 234-236 
(Apn, .992). However, caloric restriction as a treatment for obesity causes catabolism of body protein stores and 
produces negative nitrogen ba.ance. As a resu.t, protein-supplemented diets, therefore, have gained popularity as a 
means of lessening nitrogen loss during caloric restriction. Unfortunately, such die* produce only modest nitrogen 
spanng, a more effective way to preserve lean body mass and protein stores is needed. ,n addition, an idea, treatment 
of obesity wou.d include an accelerated loss of body fat. Various approaches to such treatment include those 
d,scussed by Weintraub and Bray, Med. Clinics N. A me r. 73: 237 (.989); Bray, Nutrition Review, 49- 33 (199.) 

It .s therefore desirable to provide a treatment regimen that is useful in returning the body weigh, of obese 
subjects toward a normal, ideal body weight. 

It is further desirable to provide a therapy for obesity and other body weight disorders that results in 
mamtenance of the lowered body weight for an extended period of time. 

SUMMARY OF THE INVENTION 
The present invention relates to the identification of nucleic acid that encode novel polypeptides that are 
■nvolved ,n the control of body weight, and which are further associated with mammalian body weight disorders such 
as obes,ty, cachexia and anorexia. The nucleic acid molecules represent nucleotide sequences corresponding to the 
mammalian NS4 polynucleotides, including human NS4 polynucleotides. Particu.ar examples of the nucleic acids 
molecules of the present invention are designated herein as DNA 1 46649-1 789R1, DNA 149986-2883 and 
DNA 149995-2871. 

In one embodiment, the invention provides an isolated nucleic acid molecule comprising a nucleotide 
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... (SEQ ID NO:l), (ii) , 784 „ ibou , m , - -cl«iv c , „ f Figu „ , A 

macule ,ha, encodes , be ^ mmre . "' " a " d "I"""* ,„ : (a) , DNA 

Deposit No. PTA-1627 (DNA149986 2JMT1 "'789R1), („) Apr.l 4, 2000 under ATCC 

so °™™*.»»ZZ;£2Z^z ATCC — - — 

PTA-3376 (DNA 146649- 1789RH /in a -, „ ,™ ^ on (,) May 15,2001, under ATCC Deposit No. 
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(DNA,466 4 9-,789R 1U i i)April4)2000underATCC 

2000u„derATCCDeposi,No.PTA- 1 97 1 (DNA.49995-,87 1 Vor^th , ' 4 " 86 " 288j) ° r ( ' "> M ^ 3 «• 

of(a). 2871), or (b) the complement ofthe nucleotide sequence 

2A (SEQ ID NO 4), („) 1 or about 20 to about 95, inclusive of Flore 2B iSFn In ur, 

about 95, inclusive, of Fi°ure 2C (SEO ID NO-Al ,,,, ,. °' Figure 2B (SEQ ID NO:5) or (in) 1 or about 20 to 
u u , Q >' " (b) ,he c <™Pfe™nl ofthe DNA molecule of (a) hW.,,1,, 

hybridization occurs under stringent Hybridization and „a s „ conditions b ' y - 

,.. n» ^rrrzr ^ nuc,eic ac,d mo,Kuie is ■ ™ ■*» — - — 

i j NO - 1 >' («) >™ or about 1841 to about 2068, inclusive, of Figure 1 B (SEO ID NO-?. J 

□ to about 73 1, inclusive, of Figure 1C (SEO ID NO-M h ^ ^ ab ° Ut 5 ° 4 

hvhriHi, f >; ° r (b> * e COm P lement ^the DNA molecule of (a) Preferably 

hybnd.zat.on occurs under stringent hybridization and wash conditions 

========== 

about 87, inclusive, of Figure 2A (SFO in wn-zn /-^ . ■ 0 

NO-SI or r i k 0 ^ Ut 20 10 ab ° Ut 95 ' inC,usive ' of Figure 2B (SEO ID 

N0.5)or(.„)lorabout20toabout95,inclusive,ofFigure2C(SEOIDNO^ , M u 

molecule of (a), and if the test DNA mol<> , „ , (SEQ ID NO.6); or (b) the complement ofthe DNA 

w , qjiu, ii me test una molecule has at east about an Rf.<v minl ■ 

about , mi „o acid "I T, " """^ *" *~ — *" ' - 

"° "»'"<>" ' '«"«.ve, m the sequence of Figures 2A, 2B and 2C (SEQ ID NOS-4 5 4 6> 

iiu more man about 5 ammo acids on eithpr ciVJp r>fth^ i * 
h ■ u • sone.thers.de of the s.gnal pept.de C-terminal boundary as initially identic 

secreted species. These polypeptides, and the polynucleotides encode the ^ 
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X.. of ^ re2 B ( SEQ,0 N 0: 5 , a „ d(i n ) x,„ 95 o f F^ re2 C ( SE Q1 DNO: 6 ,,^ rei „x is l >ra J„ 
from M,.24„ fFigure2A(SEQIDNO;4) , Figu re 23 (SEQ ID NO:5) and Figure 2C (SEQ ID NO:6) and vlrilms 

rrr ,he invm,i ° n p,ovife *«— ° f - ns4 -*» 

- th.t m ay op,i„„ a „y encode . po|ypep , ide com|;rising a bM ^ J • 

'0 24, 25 , 26 , „. 28 , 29 , 30 , 35 , 40 , 45 , 50> 55> M> 65 , 0 „ 80 • ■** 22 , 

ho, ,«,, 5 o, , 6 „, 165 , l70 , , 75 , 180 , 185 , m m2m20 230 240 250 26 ; • • • £ 

, .^0,330, 3 4„,3 5 », M „,3 70 , 380 ,3 9 „, 400 , 4 , 0 , 420 , 430 , 440 , ^ 48 „, 49 „ 500 5 _ ' ^ 

1 „ ; 7 ? T 810 ' 82 °- 830 ' 840 ' 85 °- m s ™' m - *». 2. : 2 

» s ,h P ,„s „, mmi UP , 0 10% of lna , reftreTOed Iengih In a prefme(i m * 

! ^t ^0:2) or Figure IC (SEQ JD NO:3). ,, is noted ,„ a , novel fragments of an NS4 polypeptide-encodin. 
nucleotide sequence may be determined ,„ a routine manner by a „g„i„g „e NS4 po.ypeptide n g „ ^ I 

H an °«e™,„,„g which KS4 po, yp e P ,ide-e„eodi„ 8 nucleotide sequence fragment*, are novel . AM of ~ 
xperimentati.n. Aiso con ,emp, a ,ed are , he Ns4 ^ 

fragments. preferably those NS 4 P o, yp e pIi de fragments .„., comprise . binding site for a „ a„,, NS 4 J^T 

~ — NS4 or to veriBnts. n. vector m ay comprise my of fc i s „, a , d nueL « 

mo ec es heretnaoove identin.d. A host comprising such a vector is a,so provided. B y „a y of ex ampl , 1 
host ^ fti y be CHO cells, £ coli, baculovirus infected insect cells, or yeast. In one mpuct^ the in^entton^omprises 

30 ,;:; g — r have ^ - n — — — — - e»:;: 

in another aspect, the transgenic animats of the invention e* P ress an NS4 variant, in partis . variant „„ 
■ seated m ,h , weight disorder such as o tesity , cachexia o, anore,, ,„ p ,r,icu,ar, such transgenic „ 1! 
^^^-■^^-^^^^^^.^ 
transgenic animals include those which ex P ress NS4 in all or some ("mosaic") of their cells. In y et a further Pmkuhtr 
.spec, such transgenic animals further includes those in which NS4 nucleic acid is introduced and e„ 
on I. specne cel, f.pes. ,„ y c, another particu„r ,sp«,, the invention includes .,„oc k -ouf animals o a „mt a 
which have been modified to no longer express, or express in a lower quantity, NS4 polynucleotides. 
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nu ,,c acid seances hereinabove identifed. In one aspect, the invent provides iso.ated native Seq ue„ce NS4 
Ir T< o T ^ Cma " emb ° dimemS ' inC ' UdeS ^ ^ C ~ ^ *» ^out (i) , 

5 2B (SEQ ID NO:5) or (,„) , or about 20 to about 95, inclusive, of Figure 2C (SEQ .D N06) 

in another aspect, the invention provides an isolated NS4 po.ypeptide, comprising an amino acid sequence 
-vmg at .east about 80»/ o amino acid sequence identity, amatively at ieast about 8,%, 82* 83% 84% ^ g60/ 
87%, 88o/ 0 , g9% 9()0/oj 9 92 9 , • > °> 84, a , 8., 0 , 86/o, 

o, ^/ 0 , yo/ 0) y 7 /o, 98/» or 99% amino acid sequence identity to the 

io ™ ~-~-""*-«----fl) ' »*»^o,.. ta , 87 , ilc , usive , orFigure2A(SEQ , DN0 . 
M'^»»^^*r^»< S EQn,No^ < , <B o.- to2 . B ^ lrtlli> .i 

Figure 2C (SEQ ID NO:6). ""uuve, or 

8or _ " 'T""' ^ ^ NS " P °' yPep,lde C ° mprlses " mino « — 

«U amtno ,c,d sequence idemi* alternative,, a, least a„„u, 81%, 82%, 8 3%, M%> ss% u% 8?% 

""""" ^ dCP0Si,Kl ATCC " <" M " ,5 ' 20 °'- "* «CC Deposit No PTA- 

i A nr 789R,uii)Aprii4 ' 2ooo ™ derATccDe -" N ° ™«<«^.,^ 

J l,2000un<lerATCCD e po s ilNo.PTA-l<l71(DNAI49995.287l). 

in ye, another aspect, the isolated NS4 po, yp ep, i(i e comprises a polypeptide withonl thc N . Iemiinj , 

sequence a s herembetore described. Proc _ f0f producins , he _ ^ a|so herejn descr( 

in ye, another aspect, ,„. isollttd Ns4 , s , ^ 

residues from at . 0 „, (i) , or about 20 „ 8 , , nc|usive rf Rgure ^ ]d - 

inCus.ve, of F,gur.2B , SE0 ,0 NO:5> „ r , or a bou, 2 „ t0 about 95 , iKteive , of Figure 2C (SEQ , D * 
or a ^gment thereof which is biologically active or sufficient t0 provide . bi „ di „ g ^ fm _ J' 

» a„,,.NS4 ant.body may be accomplished in , routine manner using techniques whlch are well know „ ,„ fc „ 
-Vefcrably, the NS4 fragment retains . qlla , iBIire b| . o , og . ca| act . vj[y rf a Mjre NM ^ 
ability to therapeutically treat obesity. f f • <n & me 

In ye, another aspect, the isolated NS4 polypeptide is a polypeptide produced by ( , ) hybrid.V.ing , tes, DNA 
molecule under stringent conditions with (a) a DNA molecule encoding an NS4 polypeptide having the sequence of 
ant.no acd res.dues from a ta t: ( i) I or ahou, 20 to S 7 , inclusive, ofPigure 2A (SEQ ID NO** ,ii, I or a b ou, 

■dentt^ altemanvelv „ ,c« ab ou, 81% , 82%, 83%, 84%, 85%, 8o% 87%, 88%, 8», 0 , % , 92 % ^ 94% 
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95%, 96%, 97%, 98% or 99% nucleic acid sequence identity to (a) or (b), (2) culturing a host cell comprising the test 
DNA molecule under conditions suitable for expression of the polypeptide, and (3) recovering the polypeptide from 
the cell culture. 

In yet another embodiment, the invention provides chimeric molecules comprising an NS4 polypeptide fused 
to a heterologous polypeptide or amino acid sequence, wherein the NS4 polypeptide may comprise any NS4 
polypeptide, variant or fragment thereof as hereinbefore described. An example of such a chimeric molecule 
comprises an NS4 polypeptide fused to an epitope tag sequence or an Fc region of an immunoglobulin. 

In another embodiment, the invention provides an antibody as defined below which specifically binds to an 
NS4 polypeptide as hereinbefore described. Optionally, the antibody is a monoclonal antibody, an antibody fragment 
or a single chain antibody. 

In yet another embodiment, the invention provides agonists and antagonists of a native NS4 polypeptide. 
In a particular embodiment, the agonist or antagonist is a small molecule, and antibody directed against amino acid 
sequence encoded by the NS4 polynucleotide, an antisense or ribozyme molecule or DNA or regulatory sequence 
replacement construct that can be used to inhibit or enhance expression of NS4 polynucleotide. 

In yet another embodiment, the invention provides a method of identifying agonists or antagonists to an NS4 
polypeptide which comprises contacting the NS4 polypeptide with a candidate molecule and monitoring a biological 
activity mediated by said NS4 polypeptide. In a particular aspect, the NS4 polypeptide is a native sequence NS4 
polypeptide. 

In yet another embodiment, the invention provides a composition of matter comprising an NS4 polypeptide, 
or an agonist or antagonist of an NS4 polypeptide as herein described, or an anti-NS4 antibody, in combination with 
a carrier. Optionally, the carrier is a pharmaceutical^ acceptable carrier. Such agonists or antagonists can include, 
for example, small molecules, antibodies directed against NS4 polypeptide, antisense and ribozyme molecules and 
DNA or regulatory sequence replacement constructs that can be used to inhibit or enhance expression of the NS4 
polynucleotide. 

In yet another embodiment, the invention provides a use of an NS4 polypeptide, or an agonist or antagonist 
thereof as herein described, or an anti-NS4 antibody, for the preparation of a medicament useful in the treatment of 
a condition which is responsive to the NS4 polypeptide, an agonist or antagonist thereof or an anti-NS4 antibody. 

In yet another embodiment, the invention provides a method of screening for a bioactive agent capable of 
binding to NS4. In one aspect, the method comprises adding a candidate bioactive agent to a sample of NS4 and 
determining the binding of said candidate agent to said NS4, wherein binding indicates a bioactive agent capable of 
binding to NS4. 

In yet another embodiment, the invention provides a method of screening for a bioactive agent capable of 
modulating the activity of NS4. In one aspect, the method comprises the steps of adding a candidate bioactive agent 
to a sample of NS4 and determining an alteration in the biological activity of NS4, wherein an alteration indicates 
a bioactive agent capable of modulating the activity of NS4. In a particular aspect, NS4 activity is decreased uptake 
of glucose in cells. In another particular aspect, NS4 activity is increased leptin release from cells. In yet another 
particular aspect, NS4 activity is both decreased uptake of glucose and increased leptin release from cells. In yet 
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another particular aspect, the cells are adipocytes. In another aspect, NS4 activity is increased oxidation of lipids and 
carbohydrates. In yet another particular aspect, the cells are liver or muscle cells. 

In yet another embodiment, the invention provides a method of identifying a receptor for NS4. In one aspect, 
the method comprises combining NS4 with a composition comprising cell membrane material wherein said NS4 
complexes with a receptor on said cell membrane material, and identifying said receptor as an NS4 receptor. In one 
aspect, the method includes a step of crosslinking said NS4 and receptor. The cell membrane can be from an intact 
cell or a cell membrane extract preparation. 

In yet another embodiment, a method is provided for inducing leptin release from cells, preferably 
adipocytes. In one aspect, the method comprises administering NS4 to cells at least an amount effective to induce 
leptin release. 

In yet another embodiment, a method is provided for inducing a decrease in glucose uptake in cells, 
preferably adipocyte cells. In one aspect, the method comprises administering NS4 to cells in at least an amount 
effective to induce a decrease in glucose uptake. 

In yet another embodiment, the invention provides a method of treating an individual for a body weight 
disorder comprising administering to said individual a composition comprising at least a therapeutically effective 
amount of an NS4 polypeptide. In one aspect, the body weight disorder is obesity, cachexia or anorexia. In a further 
aspect, the body weight disorder is polycystic ovarian disease, skin infection, varicose veins, Acanthosis nigricans, 
and eczema, exercise intolerance, abnormal metabolism, hyperphagia, diabetes mellitus, insulin resistance, 
hypertension, hypercholesterolemia, stroke, hyperlipidemia, arteriosclerosis, cholelithiasis, osteoarthritis, orthopedic 
injury, thromboembolic disease, cancer, and coronary heart disease. In yet another aspect, the treated body weight 
disorder is associated with the disease cancer, cystic fibrosis or AIDS. 

In yet another embodiment, the invention provides a method of treating an individual afflicted with a body 
weight disorder, comprising administering to said individual at least a therapeutically effective amount of an NS4 
polypeptide, agonist or antagonist. In one aspect, the total body mass in an individual is reduced. In another aspect, 
adiposity (fat)/total body weight ratio is reduced. In yet another aspect, the lean body weight (non-adipose 
tissue)/total body weight is increased. In yet another aspect, the level of at least one triglyceride or free fatty acid in 
the serum of the individual is reduced. In yet another aspect, the metabolic rate of the individual is increased or 
decreased. 

In yet another embodiment, the invention provides methods for the diagnosis of mammalian body weight 
disorders, as well as for the identification of subjects susceptable to such disorders. In one aspect, the method 
comprises measuring the expression of NS4 in a patient sample suspected of exhibiting such a weight disorder and 
comparing the expression level to normal, in a way that if a difference is detected, a body weight disorder is detected. 
In another aspect, the method comprises detecting a mutation in an NS4 polynucleotide of a patient sample which 
correlates with the presence of a body weight disorder. In yet another aspect, the method comprises using the NS4 
nucleic acid molecules as diagnostic hybridization probes, or as primers for diagnostic DNA amplification analysis 
to identify NS4 DNA mutations, allelic variations, or regulatory defects, such as defects in the expression of the NS4 
polynucleotide. In yet another aspect, the invention relates to the use of DNA amplification analysis to identify 
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individuals susceptible to such body weight disorders associated with a particular NS4 mutation, allelic variation or 
regulatory defect. 

In yet another embodiment, the invention provides cellular and non-cellular assays to identify compounds 
that interact with NS4 polynucleotide and/or NS4 polypeptide. In a particular aspect, the cell-based assays of the 
5 invention utilize cells, cell lines, or engineered cells or cell lines that express the NS4 polypeptide. 

In yet another embodiment, the invention provides a method for identifying a compound which modulates 
the expression of the mammalian NS4 polynucleotide and/or its level of biological activity. In one aspect, the method 
comprises: 

(a) contacting a compound to a cell that expresses an NS4 polynucleotide; 
10 (b) measuring the level of NS4 DNA expression in the cell; and 

□ (c) comparing the level obtained in (b) to NS4 expression level obtained in the absence of the 

compound; 

such that if the level obtained in (b) differs from that obtained in the absence of the compound, a compound that 
modulates NS4 activity is identified. 

In yet another embodiment, the invention provides a method for identifying compounds which modulaies 
the biological activity of an NS4 polypeptide, comprising: 

(a) contacting a compound to a cell that contains an NS4 polypeptide; 

(b) measuring the level of NS4 polypeptide or activity in the cell; and 

(c) comparing the level obtained in (b) to the level of NS4 polypeptide or activity obtained in the 
■20 absence of the compound; 

such that if the level obtained in (b) differs from that obtained in the absence of the compound, a compound that 
modulates an NS4 activity is identified. 

In yet another embodiment, the invention provides a method for identifying compounds which modulate the 
biolo.sical activity of an NS4 polypeptide, comprising: 
25 (a) administering a compound to a host (e.g., transgenic animal that expresses an NS4 transgene); 

(b) measuring the level of NS4 gene transcription, NS4 expression or activity of NS4 activity; and 

(c) comparing the level obtained in (b) to the level present in the absence of the compound; 

such that if the level in (b) differs from that obtained in the absence of the compound, a compound that modulates 
an NS4 activity is identified. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1A-1C show various native sequence NS4-encoding polynucleotides. Figure 1A (SEQ ID NO:l) 
shows the nucleotide sequence (SEQ ID NO: 1) of a cDNA containing a coding sequence (i.e., nucleotides 486-746) 
for a native sequence NS4, designated herein as "DNA 146649-1 789R1". Figure IB (SEQ ID NO:2) shows the 
35 nucleotide sequence (SEQ ID NO:2) of a cDNA containing a coding sequence (i.e., nucleotides 1 784 to 2068) for 
a native sequence NS4, desigated herein as "DNA 1 49986-2883". Figure 1C (SEQ ID NO:3) shows the nucleotide 
sequence (SEQ ID NO:3) of a cDNA containing a coding sequence (i.e., nucleotides 447 to 73 1) for a native sequence 
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NS4, designated herein as "DNA 149995-2871". Also presented in bold font and underline are the positions of the 
respective start and stop codons. 

Figures 2A-2C show the amino acid sequence shows the amino acid sequences (SEQ ID NOS:4, 5 & 6), 
respectively, of native sequence NS4 polypeptides as derived from the coding sequences of SEQ ID NOS: 1, 2 & 3, 
respectively. Also shown are the approximate locations of various other important polypeptide domains. 

Figures 3A, 3B and 3C are bar graphs demonstrating that NS4 (DNA 1 46649- 1789R1) transgenic mice weigh 
less than their non-transgenic littermates (Figure 3A), have a lower fat' total body weight ratio (Figure 3B) and have 
a greater lean muscle mass/total body weight ratio (Figure 3C). 

Figure 4 shows a comparison between the polypeptides encoded by the native sequence NS4 
polynucleotides DNA 1 46649- 1789R1 (SEQ ID NO:l), DNA 149986-2883 (SEQ ID NO:2) and DNA 149995-2871 
(SEQ ID NO:3). 

Figure 5 is a Northern blot of DNA 146649- 1789R1 (SEQ ID NO:l) showing hybridization to various human 
tissue libraries. Figure 5A, 5B and 5C show expression levels in the various indicated tissues. Figure 5D shows 
expression in the tumor cell lines (from left to right): right: HL-60 (promyelocytic leukemia), Hela S3 (cervical 
epitheloid carcinoma), K562 (chronic myelogenous leukemia), MOLT-4 (lymphoblastic leukemia), Raji (Burkitfs 
lymphoma), SW480 (colorectal adenocarcinoma), A549 (lung carcinoma) and G361 (melanoma). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

I- Definitions 

The terms "NS4 polypeptide", "NS4 protein" and "NS4" when used herein encompass native sequence NS4 
and NS4 polypeptide variants (which are further defined herein). The NS4 polypeptide may be isolated from a variety 
of sources, such as from human tissue types or from another source, or prepared by recombinant and/or synthetic 
methods. The term "NS4 polynucleotide" includes nucleic acids which encode the polypeptides described in this 
paragraph. 

A "native sequence NS4" comprises a polypeptide having the same amino acid sequence as an NS4 derived 
from nature. Such native sequence NS4 can be isolated from nature or can be produced by recombinant and/or 
synthetic means. The term "native sequence NS4" specifically encompasses naturally-occurring truncated or secreted 
forms (e.g., an extracellular domain sequence), naturally-occurring variant forms (e.g., alternatively spliced forms) 
and naturally-occurring allelic variants of the NS4. In one embodiment of the invention, the native sequence NS4 
is a mature or full-length native sequence NS4 comprising amino acids: (i) 1 or about 20 to about 87, inclusive, of 
Figure 2A (SEQ ID NO:4); (ii) 1 or about 20 to about 95, inclusive, of Figure 2B (SEQ ID NO:5) or (iii) 1 or about 
20 or about 95, inclusive, of Figure 2C (SEQ ID NO:6). Also, while the NS4 polypeptides disclosed in Figure 2A 
(SEQ ID NO:4), Figure 2B (SEQ ID NO:5) and Figure 2C (SEQ ID NO:6) is shown to begin with the methionine 
residue designated herein as amino acid position I, it is conceivable and possible that another methionine residue 
located either upstream or downstream from amino acid position I in Figure 2A (SEQ ID NO:4), Figure 2B (SEQ 
ID NO:5) or Figure 2C (SEQ ID NO:6) may be employed as the starting amino acid residue for the respective NS4 
polypeptide. 
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An NS4 polypeptide "extracellular domain" or "ECD" refers to a form of the NS4 polypeptide which is 
essentially free of the transmembrane and cytoplasmic domains. Ordinarily, an NS4 polypeptide ECD will have less 
than 1% of such transmembrane and/or cytoplasmic domains and preferably, will have less than 0.5% of such 
domains. It will be understood that any transmembrane domains identified for the NS4 polypeptides of the present 
invention are identified pursuant to criteria routinely employed in the art for identifying that type of hydrophobic 
domain. The exact boundaries of a transmembrane domain may vary but most likely by no more than about 5 amino 
acids at either end of the domain as initially identified herein. Optionally, therefore, an extracellular domain of an 
NS4 polypeptide may contain from about 5 or fewer amino acids on either side of the transmembrane 
domain/extracellular domain boundary as identified in the Examples or specification and such polypeptides, with or 
without the associated signal peptide, and nucleic acid encoding them, are contemplated by the present invention. 

The approximate location of the "signal peptides" of the various NS4 polypeptides disclosed herein may 
be shown in the present specification and/or the accompanying figures. For example, for the proteins encoded by 
DNA146649-1789R1 (SEQ ID NO:l), DNA 149986-2883 (SEQ ID NO:2) and DNA 149995-2871 (SEQ ID NO:3), 
the signal sequences are identified identified in Figures 1A, IB and 1C, respectively. It is noted, however, thai 
the C-terminal boundary of a signal peptide may vary, but most likely by no more than about 5 amino acids on 
either side of the signal peptide C-terminal boundary as initially identified herein, wherein the C-terminal boundary 
of the signal peptide may be identified pursuant to criteria routinely employed in the art for identifying that type 
of amino acid sequence element (e.g., Nielsen et al., Prot. Eng. 10:1-6 (1997) and von Heinje et al., Nucl. Acids. 
Res. 14:4683-4690 (1986)). Moreover, it is also recognized that, in some cases, cleavage of a signal sequence from 
a secreted polypeptide is not entirely uniform, resulting in more than one secreted species. These mature 
polypeptides, where the signal peptide is cleaved within no more than about 5 amino acids on either side of the C- 
terminal boundary of the signal peptide as identified herein, and the polynucleotides encoding them, are 
contemplated by the present invention. 

"NS4 variant polypeptide" (including "NS4 mutant" or "NS4 polymorphism") means an active NS4 
polypeptide as defined below having at least about 80% amino acid sequence identity with the amino acid sequence 
of (a) (i) 1 or about 20 to about 87, inclusive, of Figure 2A (SEQ ID NO:4), (ii) 1 or about 20 to about 95, inclusive, 
of Figure 2B (SEQ ID NO:5) or (iii) 1 or about 20 or about 95, inclusive, of Figure 2C (SEQ ID NO:6); (b) (i) X to 
87 of Figure 2 A (SEQ ID NO:4), (ii) X to 95 of Figure 2B (SEQ ID NO:5) and (iii) X to 95 of Figure 2C (SEQ ID 
NO:6), wherein X is any amino acid from 14 to 24 of Figure 2A (SEQ ID NO:4), Figure 2B (SEQ ID NO:5) and 
Figure 2C (SEQ ID NO:6); or (c) another specifically derived fragment of the amino acid sequence shown in Figures 
2A, 2B and 2C (SEQ ID NOS:4, 5, 6), respectively. Such NS4 variant polypeptides include, for instance, NS4 
polypeptides wherein one or more amino acid residues are added, or deleted, at the N- and/or C-terminus, as well as 
within one or more internal domains, of the sequence of Figure 2A (SEQ ID NO:4), Figure 2B (SEQ ID NO:5) and 
Figure 2C (SEQ ID NO:6). Ordinarily, an NS4 variant polypeptide will have at least about 80% amino acid sequence 
identity, alternatively at least about 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93<>/„, 94%. 
95»/o, 969/., 970/0; 980/05 980/o or 99% amino add S£quence ident . ty w . th (a) (j) i ^ abQut 2() tQ about ^ jnci ' us _ ve ' 

of Figure 2A (SEQ ID NO:4), (ii) 1 or about 20 to about 95, inclusive, of Figure 2B (SEQ ID NO:5) or (iii) 1 or aboui 
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20 or about 95, inclusive, of Figure 2C (SEQ ID NO:6); (b) (i) X to 87 of Figure 2A (SEQ ID NO:4) (ii) X to 95 of 
Figure 2B (SEQ ID NO:5) and (iii) X to 95 of Figure 2C (SEQ ID NO:6), wherein X is any amino acid from 14 to 
24 of Figure 2A (SEQ ID NO:4), Figure 2B (SEQ ID NO:5) and Figure 2C (SEQ ID NO:6); or (c) another 
specifically derived fragment of the amino acid sequence shown in Figures 2A, 2B and 2C (SEQ ID NO:4, 5, 6), 
respectively. NS4 variant polypeptides explicitly do not encompass the native NS4 polypeptide sequence. Ordinarily! 
NS4 variant polypeptides are at least about 10 amino acids in length, alternatively at least about 20, 30, 40, 50 60 
70, 80, 90, 100, 1 10, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 
310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510,' 520, 530,' 
540, 550, 560, 570, 580, 590, 600 amino acids in length, or more. 

"Percent (%) amino acid sequence identity" with respect to the NS4 polypeptide sequences identified herein 
w iS defmed aS the Pontage of amino acid residues in a candidate sequence that are identical with the amino acid 
J« residues in an NS4 sequence, after aligning the sequences and introducing gaps, if necessary, to achieve the maximum 
g percent sequence identity, and not considering any conservative substitutions as part of the sequence identity 
Alignment for purposes of determining percent amino acid sequence identity can be achieved in various ways that 
are within the skill in the art, for instance, using publicly available computer software such as BLAST, BLAST-2 
ALIGN, ALIGN-2 or Megalign (DNASTAR) software. Those skilled in the art can determine appropriate parameters 
for measuring alignment, including any algorithms needed to achieve maximal alignment over the full-length of the 
sequences being compared. For purposes herein, however, % amino acid sequence identity values are obtained as 
described below by using the sequence comparison computer program ALIGN-2, wherein the complete source code 
for the ALIGN-2 program is provided in Table 1 below. The ALIGN-2 sequence comparison computer program was 
authored by Genentech, Inc. and the source code shown in Table I has been filed with user documentation in the U S 
Copyright Office, Washington D.C., 20559, where it is registered under U.S. Copyright Registration No. 
TXU510087. The ALIGN-2 program is publicly available through Genentech, Inc., South San Francisco, California 
or may be compiled from the source code provided in Table 1 . The ALIGN-2 program should be compiled for use 
on a UNIX operating system, preferably digital UNIX V4.0D. All sequence comparison parameters are set by the 
ALIGN-2 program and do not vary. 

For purposes herein, the % amino acid sequence identity of a given amino acid sequence A to, with, or 
against a given amino acid sequence B (which can alternatively be phrased as a given amino acid sequence A that 
has or comprises a certain % amino acid sequence identity to, with, or against a given amino acid sequence B) is 
30 calculated as follows: 
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1 00 times the fraction X/Y 



where X is the number of amino acid residues scored as identical matches by the sequence alignment program 
ALIGN-2 in that program's alignment of A and B, and where Y is the total number of amino acid residues in B It 
will be appreciated that where the length of amino acid sequence A is not equal to the length of amino acid sequence 
B, the % amino acid sequence identity of A to B will not equal the % amino acid sequence identity of B to A. As 
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examples of % amino acid sequence identity calculations, Tables 2 and 3 demonstrate how to calculate the % amino 
acid sequence identity of the amino acid sequence designated "Comparison Protein" to the amino acid sequence 
designated "NS4". Unless specifically stated otherwise, all % amino acid sequence identity values used herein are 
obtained as described above using the ALIGN-2 sequence comparison computer program. 

"NS4 variant polynucleotide" or "NS4 variant nucleic acid sequence" means a nucleic acid molecule which 
encodes an active NS4 polypeptide as defined below and which has at least about 80% nucleic acid sequence identity 
with the nucleic acid sequence encoding amino acid residues: (a) (i) 1 or about 20 to about 87, inclusive, of Figure 
2A (SEQ ID NO:4), (ii) 1 or about 20 to about 95, inclusive, of Figure 2B (SEQ ID NO:5) or (iii) 1 or about 20 or 
about 95, inclusive, of Figure 2C (SEQ ID NO:6); (b) (i) X to 87 of Figure 2 A (SEQ ID NO:4), (ii) X to 95 of Figure 
2B (SEQ ID NO:5) and (iii) X to 95 of Figure 2C (SEQ ID NO:6), wherein X is any amino acid from 14 to 24 of 
Figure 2A (SEQ ID NO:4), Figure 2B (SEQ ID NO:5) and Figure 2C (SEQ ID NO:6); or (c) another specifically 
derived fragment of the amino acid sequence shown in Figures 2A, Figure 2B or Figure 2C (SEQ ID NO:4, 5, 6), 
respectively. Ordinarily, an NS4 variant polynucleotide will have at least about 80% nucleic acid sequence identity, 
alternatively at least about 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95 o/ 0 , 
96%, 97%, 98% or 99% nucleic acid sequence identity with: (a) a nucleic acid sequence which encodes residues (i) 
I or about 20 to about 87, inclusive, of Figure 2A (SEQ ID NO:4), (ii) 1 or about 20 to about 95, inclusive, of Figure 
2B (SEQ ID NO:5) or (iii) 1 or about 20 or about 95, inclusive, of Figure 2C (SEQ ID NO:6); (b) a nucleic acid 
sequence which encodes amino acids (i) X to 87 of Figure 2A (SEQ ID NO:4), (ii) X to 95 of Figure 2B (SEQ ID 
NO:5) and (iii) X to 95 of Figure 2C (SEQ ID NO:6), wherein X is any amino acid from 14 to 24 of Figure 2A (SEQ 
ID NO:4), Figure 2B (SEQ ID NO:5) and Figure 2C (SEQ ID NO:6); or (c) a nucleic acid sequence which encodes 
another specifically derived fragment of the amino acid sequence shown in Figure 2A (SEQ ID NO:4), Figure 2B 
(SEQ ID NO:5 or Figure 2C (SEQ ID NO:6). NS4 polynucleotide variants do not encompass the native NS4 
nucleotide sequence. 

Ordinarily, NS4 variant polynucleotides are at least about 5 nucleotides in length, alternatively at least about 
6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 
70, 75, 80, 85,90,95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 
195, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 
420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 
650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, 810, 820, 830, 840, 850, 860, 870, 
30 880, 890, 900, 910, 920, 930, 940, 950, 960, 970, 980, 990, or 1 000 nucleotides in length, wherein in this context the 
term "about" means the referenced nucleotide sequence length plus or minus 1 0% of that referenced length. 

"Percent (%) nucleic acid sequence identity" with respect to the NS4 polypeptide-encoding nucleic apid 
sequences identified herein is defined as the percentage of nucleotides in a candidate sequence that are identical with 
the nucleotides in a NS4 polypeptide-encoding nucleic acid sequence, after aligning the sequences and introducing 
35 gaps, if necessary, to achieve the maximum percent sequence identity. Alignment for purposes of determining percent 
nucleic acid sequence identity can be achieved in various ways that are within the skill in the art, for instance, using 
publicly available computer software such as BLAST, BLAST-2, ALIGN, ALIGN-2 or Megalign (DNASTAR) 
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software. Those skilled in the art can determine appropriate parameters for measuring alignment, including any 
algorithms needed to achieve maximal alignment over the full-length of the sequences being compared. For purposes 
herein, however, % nucleic acid sequence identity values are obtained as described below by using the sequence 
comparison computer program ALIGN-2, wherein the complete source code for the ALIGN-2 program is provided 
in Table 1 below. The ALIGN-2 sequence comparison computer program was authored by Genentech, Inc. and the 
source code shown in Table 1 has been filed with user documentation in the U.S. Copyright Office, Washington D.C., 
20559, where it is registered under U.S. Copyright Registration No. TXU5 10087. The ALIGN-2 program is publicly 
available through Genentech, Inc., South San Francisco, California or may be compiled from the source code 
provided in Table 1 . The ALIGN-2 program should be compiled for use on a UNIX operating system, preferably 
digital UNIX V4.0D. All sequence comparison parameters are set by the ALIGN-2 program and do not vary. 

For purposes herein, the % nucleic acid sequence identity of a given nucleic acid sequence C to, with, or 
against a given nucleic acid sequence D (which can alternatively be phrased as a given nucleic acid sequence C that 
has or comprises a certain % nucleic acid sequence identity to, with, or against a given nucleic acid sequence D) is 
calculated as follows: 

100 times the fraction W/Z 

where W is the number of nucleotides scored as identical matches by the sequence alignment program ALIGN-2 in 
that program's alignment of C and D, and where Z is the total number of nucleotides in D. It will be appreciated that 
where the length of nucleic acid sequence C is not equal to the length of nucleic acid sequence D, the % nucleic acid 
sequence identity of C to D will not equal the % nucleic acid sequence identity of D to C. As examples of % nucleic 
acid sequence identity calculations, Tables 4 and 5 demonstrate how to calculate the % nucleic acid sequence identity 
of the nucleic acid sequence designated "Comparison DNA" to the nucleic acid sequence designated "NS4-DNA". 
Unless specifically stated otherwise, all % nucleic acid sequence identity values used herein are obtained as described 
above using the ALIGN-2 sequence comparison computer program. 

In other embodiments, NS4 variant polynucleotides are nucleic acid molecules that encode an active NS4 
polypeptide and which are capable of hybridizing, preferably under stringent hybridization and wash conditions, to 
nucleotide sequences encoding the full-length NS4 polypeptide shown in Figure 2A (SEQ ID NO:4), Figure 2B (SEQ 
ID NO:5) or Figure 2C (SEQ ID NO:6). NS4 variant polypeptides may be those that are encoded by an NS4 variant 
polynucleotide. 

"Isolated," when used to describe the various polypeptides disclosed herein, means polypeptide that has been 
identified and separated and/or recovered from a component of its natural environment. Preferably, the isolated 
polypeptide is free of association with all components with which it is naturally associated. Contaminant components 
of its natural environment are materials that would typically interfere with diagnostic or therapeutic uses for the 
polypeptide, and may include enzymes, hormones, and other proteinaceous or non-proteinaceous solutes. In preferred 
embodiments, the polypeptide will be purified (1) to a degree sufficient to obtain at least 15 residues of N-terminal 
or internal amino acid sequence by use of a spinning cup sequenator, or (2) to homogeneity by SDS-PAGE under non- 
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reducing or reducing conditions using Coomassie blue or, preferably, silver stain. Is o.ated pol ype P tide includes 
polypeptide ,„ sUu within recombinant cells, since at .east one component of the NS4 natural environment will not 
be present. Ordinarily, however, isolated polypeptide will be prepared by a, least one purification step 

An "isolated" nucleic acid molecule encoding a NS4 polypeptide is a nucleic acid molecule that is identified 
and separated from at least one contaminant nucleic acid molecule with which it is ordinarily associated in the natun,. 
source of the NS4-encodi„g nucleic acid. Preferably, the iso.ated nucleic is free of association with al. components 
v,th ,vh,ch it is naturally associated. An iso.ated NS4-encoding nucleic acid molecule is other than in the for. or 
setting ,n which it is found in nature. ,so.ated nucleic acid molecules therefore are distinguished from the NS4- 
encod.ng nucleic acid molecule as it exists in natural cells. However, an iso.ated nucleic acid molecule encoding an 
0 NS4 polypeptide inc.udes NS4-encodin g nucleic acid molecules contained in cells that ordinarily express NS4 where 
for example, the nucleic acid molecule is in a chromosomal location different from that of natural cells 

The term "control sequences" refers to DNA sequences necessary for the expression of an operably linked 
coding sequence in a particular host organism. The control sequences that are suitable for prokaryotes, for example 
„ .nclude a promoter, optionally an operator sequence, and a ribosome binding site. Eukaryotic cells are known to 
j-lp utilize promoters, polyadenylation signals, and enhancers. 

Q Nucleic acid is "operably linked" when it is placed into a functional relationship with another nucleic acid 

^ sequence. For example, DNA for a Resequence or secretory leader is operably linked to DNA for a polypeptide if 
?;r? -t , expressed as a preprotein that participates in the secretion of the polypeptide; a promoter or enhancer is operably 

gO to a coding sequence if it is positioned so as to facilitate translation. Generally, "operably linked" means that the 
M DNA sequences being linked are contiguous, and, in the case of a secretory leader, contiguous and in reading phase 
However, enhancers do not have to be contiguous. Linking is accomplished by ligation at convenient restriction sites' 
If such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in accordance with conventiona. 
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The term "antibody" is used in the broadest sense and specflca.ly covers, for example, single anti-NS4 
ntonoclona. antibodies (including agonist, antagonist, and neutralizing antibodies), anti-NS4 antibody compositions 
with polyepitopic specificity, single chain anti-NS4 antibodies, and fragments of anti-NS4 antibodies (see below) 
The term "monoclonal antibody" as used herein refers to an antibody obtained from a population of substantially 
homogeneous antibodies, ,,, the individual antibodies comprising the population are identical except for possible 
naturally-occurring mutations that may be present in minor amounts. 

"Stringency" of hybridization reactions is readily determinable by one of ordinary skill in the art and 
generally ,s an empirical calculation dependent upon probe length, washing temperature, and salt concentration ,„ 
general, longer probes require higher temperatures for proper annealing, while shorter probes need lower 
temperatures. Hybridization generally depends on the ability of denatured DNA to reanneal when complementary 
strands are present in an environment below their melting temperature. The higher the degree of desired homolo-y 
between the probe and hybridizab.e sequence, the higher the relative temperature which can be used. As a result 
follows that higher relative temperatures would tend to make the reaction conditions more stringent, while lower 
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"Body weight disorder" refers to disorders which are characterized by an abnormal (e.g., either hio her or 
lower than normal) body weight. For example, individuals having a Body Mass Index (BMI) of less than 1 9 9 or 25 9 
or greater have an abnormal body weight. Examples of body weight disorders includes obesity, cachexia, anorexia 
buhm ia , polycystic ovarian disease, craniopharyngioma, the Prader-Willi Syndrome, Frohlich's syndrome, Type II 
diabetes, GH-deficient subjects, normal variant short stature, Turner's syndrome. 

"Obesity" refers to a condition whereby a mammal has a Body Mass Index (BMI), which is calculated as 
-eight (kg) per height (meters), of at least 25.9. Conventionally, those persons with normal weight have a BMI of 
1 9.9 to less than 25.9. The obesity herein may be due to any cause, whether genetic or environmental. Examples of 
d,sorders that may result in obesity or be the cause of obesity include overeating and bulimia, polycystic ovarian 
d,sease, craniopharyngioma, the Prader-Willi Syndrome, Froh.ich's syndrome, Type II diabetes, GH-deficient 
subjects, norma, variant short stature, Turner's syndrome, and other pathological conditions showing reduced 
metabohc activity or a decrease in resting energy expenditure as a percentage of total fat-free mass, e.g., children with 
acute lymphoblastic leukemia. 

"Conditions associated with obesity" refer to conditions which are the result of or which are exasperated by 
obes.ty, such as, but not limited to dermatological disorders such as infections, varicose veins, Acanthosis nigricans 
h and eczema, exercise intolerance, abnormal metabolism, diabetes mel.itus, insulin resistance, hyperplasia' 
M hypertension, hypercholesteremia, hyperlipemia, cholelithiasis, osteoarthritis, orthopedic injury, thromboembolic' 
; :| d,sease, cancer, and coronary (or cardiovascular) heart disease, particular those cardiovascular conditions associated 
n with high triglycerides and free fatty acids in an individual. 

j© Administration "in combinat.on with" one or more fimher therapeutic agents includes simultaneous 

«. (concurrent) and consecutive administration in any order. 

The term "antagonist" is used in the broadest sense, and includes any molecule that partially or ftHly blocks 
•nhibits, or neutralizes a biological activity of a native NS4 polypeptide disclosed herein. In a similar manner the' 
term "agomst" is used in the broadest sense and includes any molecule that mimics a biological activity of a native 
NS4 polypeptide disclosed herein. Suitab le agonist or antagonist molecules specifically include agonist or antagonist 
ant.bod.es or antibody fragments, fragments or amino acid sequence variants of native NS4 polypeptides peptides 
small organic molecules, etc. Methods for identifying agonists or antagonists of an NS4 polypeptide may comprise 
contacting an NS4 polypeptide with a candidate agonist or antagonist molecule and measuring a detectable change 
in one or more biological activities normally associated with the NS4 polypeptide. 

"Carriers" as used herein include pharmaceutical^ acceptable carriers, excipients, or stabilizers which are 
non,ox 1C to the cel. or mammal being exposed thereto at the dosages and concentrations employed Often the 
phy SI o,ogically acceptable carrier is an aqueous P H buffered solution. Examples of physiologically acceptable 
carriers include buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid- low 
molecular weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, gelatin or 
.mmunoglobulins; hydrophi.ic polymers such as polyvinylpyrrolidone; amino acids such as glycine dutamine 
asparagine, arginine or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose mannose' 
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— * fragments original „e re prod L . ^ ^ C °" S, " m ^ " «« 

ctaical couplin8S of „ tibo ; y ^ri^T" which hare htase — b — 

-,e,;::"^^ 

enlclasses Thereare five major dassesof immunoglobulins- |.A M> l.F , r a, 
-era, of , te e m, y be taner divided , mo q JA* " V. <C, »d IgM, „d 

"Single-chain Fv" or "sFv" antifwi r § ' 8 4 ' ' gA ' and 

domains are present "T"" * ™ - ^ * herein 

^-i;;^ z c r: * efmb,y * * rv p ° ,ypep,ide — — - 

vh and VL domains which enables the sFv to fnrm th~ a ■ * 
binding. For a review of sFv see Pluckthun in TV, p. ^ f ° r an,i § en 

polypeptide chain (VH - VL) By usin* alt Vanal " e d ° main (VL) the Same 

™,thedoL^^^^^ 

pa.r w,th the complementary domains of another chain and create two antigen- 
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bjnding ,he s . Diabodies are bribed more My in, for example, EP 404 , 097; wo , 3/ „ ^ 

/'roc. Natl. Acad. Set. USA 90:6444-6448 (1993). 

antibody is one which has been identified ,„d separated „d/„r recovered from , component 
»s natuta, envtronment. Contaminantc.mpon.nts of its env|ronmem ^ ^ wh . £h 

„ no protetnaceous In Drefcmd e „, bodimen|s , he ^ ^ pofjfied ^ ^ 

«,gh, of anttbody as determined by .be L mrj method, , nd most prefcrabl> . mo „ ,„„„ ^ 

degree sufficient to obtain at least 15 residues of N-terminal or internal amino acid sequence by use of a spinning cup 

or, preferably, s„v„ stain. Is o,a,ed antibody includes tbe antibody ,„ „,„ within recombinant cells since „ leas, on, 
^^^^^^^^ O^,,^,^^^ 

prepared by at least one purification step. 

panfcula ^ " ,a ' " SPeCi " ea " y ■** '°" " ' S >eCifiC f "" ' « - on a 

sir Z ?7 * :sm * M "*'°^"^ 

substantially bmdtng to any other polypeptide or polypeptide epitope. 

The word "label- when used herein refers to , detectable compound or composition which is conjugated 
irec.ly orindirectly ,„ the antibody so as ,. genera,, a "labeled- antibody. m e label may be detectable y tse, 

ofTsi r°" ,a T "~ * Ms> in ,he case ° f - ~ -* ™> — *— — 

of a substrate compound or composition which is detectable. 

By "solid phase" is meant a non-aqueous matrix to which the antibody of the present invention can adhere 

J. «] polysacchandes (, g „ agarose), polyacrylamides, po.ystyrene, polyvinyl alcoho, and si.icones ,„ eel 
embod.ments, depending on the context, the solid phase can comprise the we„ of an assay plate; in others it is a 
ounncat on co.umn (,,., an affinity chromatography column, This term also includes a discontinuous so,id phase 
of d,screte part.cles, such as those described in U.S. Patent No. 4,275,149. 

is usef . f ?■"? ' Sma " VCSiCie COmP ° Sed ° f V3ri0US ° f liP ' dS ' Ph ° Sph0,ipidS ^ -octant which 
u e ful for dellvery Qf a drug (such as an poiypept;de ^ amibody there{o) (o a ^ ^ 

..posome are common* arranged in a bilayer Nation, si- .a, to the lipid arrangement of biological membra.es 
A small molecule" is defined herein to have a molecular weight below about 500 Da.tons 
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Table 1 



* 



* C-C increased from 12 to 15 

* Z is average of EQ 

* B is average of ND 

1 0 Wkh St ° P is - M: st °P- st °P = 0: J (joker) match = 0 

#deflne _M -8 /* value of a match with a stop */ 

int _dayf26][26] = { 

/* B */ | 0, 3 -4 3 2 -5 0 '-2 ' 0 0 't 7 ' ' ?' 'I ' 1 ' 1 ' °' °'- 6 ' °'- 3 ' °}> 

/* C */ {-2,-4 15,-5 -5 4 3 -3 2 6 5 A s VJi *4 'c°' °' °' °'- 2 '- 5 - °^ '}. 
<■ J /* D */ { 0 3 -5 4 3 -6 I . 9 n n ; ; , '.^' ' '" 4 ' °'~ 2 ' °-' 2 -' 8 ' °> ° ^ 
VB /* E */ { 0 2 -5 3 4 5 n M' n 2 '- M '" 1 ' 2 '''' °' °- 0,-4 2} 

/* G */ { 1, 0,-3 1 0,-5 5 -2 .3 o 2 4 3' '1 °- °- 7 -" 5 >, 

.- /* N */ } 0 ; H 2 1 '-4 ' 0*2 '-2 'O' 1 ' 3 ' ; ' ''t'l > " °- 2 ^ 0^2 -1},' 

/* R */ {-2, 0 -4 -1-1-4-3 2 ? n n i'-Ji' £ 4 ' °>- 2 -- 5 . 0.-4. 3}. 

/* S *' { 1 0 0 0,' 0 '-3 , '-1 I, ' 0 '0 3 '2' Nm' ,°' °'" 2 - 2 ' °- 4 °> 



C35 



45 



50 



55 
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/* 
*/ 

#include <stdio.h> 
^include <ctype.h> 

#define MAXJMP 

^define MAXGAP 

#define JMPS 

^define MX 

^define DMAT 
#define DMIS 
#defme DINSO 
^define DINS1 
#define PINSO 
#define PINS1 

struct jmp { 

short 

unsigned short 

struct diag { 
int 
Jong 
short 
struct jmp 



H35 


}; 


• y 


char 




char 


""40 


char 


char 




int 




int 




int 


45 


int 


int 




int 




int 




int 


50 


int 


Jong 




struct 




struct 


55 


char 


char 



}; 

struct path { 
int 
short 
int 



J6 
24 
1024 
4 

3 
0 
8 
1 
8 
4 



Table 1 (cont. 1) 



/* max jumps in a diag */ 

/'* £ T^ffr gaps ,arger ihan this 

/* save if there's at least MX-1 bases since last jmp */ 

/* value of matching bases */ 

/* penalty for mismatched bases */ 

/* penalty for a gap */ 

/* penalty per base */ 

/* penalty for a gap */ 

/* penalty per residue */ 



n[MAXJMP]; 
xfMAXJMP]; 



score; 
offset; 
'jmp; 

jp; 



/ size of jmp (neg for dely) */ 
1 base no. of jmp in seq x */ 
/* limits seq to 2*16 -1 */ 



/* score at last jmp */ 
/* offset ofprev block */ 
/♦current jmp index */ 
/* list of jmps */ 



diag 
path 



ntJMPS];/* size J^X^V^ % ^ *' 
xfJMPS];/* loc of jmpZt^lem before gap) */ 



*ofile; 

*namex[2J; 

*prog; 

*seqx[2]; 

dmax; 

dmaxO; 

dna; 

endgaps; 
gapx, gapy; 
lenO, lenl; 
ngapx, ngapy; 
smax; 
*xbm; 
offset; 
*dx; 
PPI2J; 

*caIloc(), *malloc() 
*getseq( ), *g_caIloc( 



/* output file name */ 

/* seq names: getseqs( ) */ 

/* prog name for err msgs */ 

/* seqs: getseqs( ) */ 

/* best diag: nw( ) */ 

/* final diag */ 

/* set if dna: main( ) */ 

/* set if penalizing end gaps * 

/* total gaps in seqs */ 

/* seq lens */ 

/* total size of gaps */ 

/* max score: nw( ) */ 

/* bitmap for matching */ 

/* current offset in jmp file */ 

/* holds diagonals */ 

/* holds path for seqs */ 

^*index( ), *strcpy( ); 
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/** ,, IaWeJJcont21 

Needleman-Wunsch alignment program 
5 * usage: progs file] fi| e 2 

P-in seances. 

* IT ^i^T : >-^<^l a " ""I ambiguity 
ln * Max file length is 6553S nim»^ u are ignored 6 ' 

1 0 t * A sequence with 1/3 or J^^'** 6 / 1 ™ * in the j™P struct) 

Output is in the file "alignTu." e ' ememS ACGTU is ^surned to be DNA 

]5 • aB^-^^at^^^ -bac, 

^include "nw.h" 
^include "day.h" 

static _dbval[26] = { 
jj }; U4 ' 2 ' I3 ' 0 ' 0 -^'.0.0,12 A 3,,5,0,0A5, 6 , 8 , 8 , 7 , 9;0il0 , 0 
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*sU static 



?6 



40 



_pbval[26] = { 



S y.'gS SpS<<i < <S? '■•A')). 4, 8, 16, 32, 64, 

_C |<<15.1<< 16 , <* ^ 7 <0 ' ' < < 1. 1 < < 12, 1 < < 13, , < < 14 

1<<23 ' 1 <<-H'<<rH' 1 - < A^^ < <??:.-< 2 -- 



y — l<<25|(,<< r E,. A .^j — - : ,i<<21, 1<<22, 

main(ac, av) 

int ac; 

char *avD; main 



ffl { 

rfj 



if (ac != 3) { 



namexfOJ = a v[l] 
45 namexfij = av[2];' 

seaxm " getse ^ nam exfOJ, &I en 0); 
fb m g ^ nam ex[l], &ienl) 
xbm - to)? _dbval : j>bval; 

50 endgaps = 0; 

ofile = "align.out"- ' 1 t0 P en alize endgaps */ 

/* output file */ 

nw( ); /* rn . 

readjm P s( ); * ™ !ne KtZt'JV^ P ° SSib,e ^ s *' 

} C ' eanUp(0); '* unlink any t mp files *, 
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Table 1 (cont 3) 

/* do the alignment, return best score: main( ) 

dna: values in Fitch and Smith, PNAS, 80, 1382-1386 1983 

* pro: PAM 250 values 

* When scores are equal, we prefer mismatches to any gap prefer 

* foT^fnTeq r ding " W ' ^ ^ ■ « » 
*/ 

nw() 
{ 



char 

int 

int 

int 

int 

int 

register 
register 
register 
register 



*px, *py; 
*ndely, *dely; 
ndelx, delx; 
*tmp; 
mis; 

insO, insl; 
id; 

U; 

*col0, *coll; 
xx, yy; 



nw 



/* seqs and ptrs */ 

/* keep track of dely */ 

/* keep track of delx */ 

/* for swapping rowO, rowl */ 

/* score for each type */ 

/* insertion penalties */ 

/* diagonal index */ 

/* jmp index */ 

/* score for curr, last row */ 

/* index into seqs */ 



dx - (struct diag *)g_calloc(''to get diags", lenO+lenl +1, sizeof(struct diag)); 

ndely = (int *)g_calloc("to get ndely", lenl + 1, sizeof(int)V 
dely = (jnt * )g_calloc("to get dely" lenl + 1. sizeof(int» 

™n = r U l * g - Ca !!° C( " t0 get co10 "' lenl + 1 - s«eof(int));' 
coll = (int *)g_callocCto get coir, lenl + 1 sizeoffinrtV 
msO = (dna)? DINSO : PINSO- sizeoi(int», 
insl = (dna)? DINS1 : PINS1;' 

smax = -10000; 
if (endgaps) { 

for (colOtO] = dely[0] = -insO, yy = 1 ; yy < = lenl ; yy + +) { 
colOIyy] = delyfyy] = colO[yy-l] - insl; * 
ndelyfyy] = yy; 

colOfO] = 0; /* Waterman Bull Math Biol 84 */ 



} 

else 



for (yy = 1; yy < = ] enl . yy+ +) 
dely[yy] = -insO; 



/* fill in match matrix 

*/ 



for (px = seqxfO], xx = 1; xx < = lenO; px+ +, xx+ +) { 
/* initialize first entry in col 
*/ 

if (endgaps) { 

if (xx ==1) 

coll[0] = delx = -(insO+insl); 

else 

coll[0] = delx = coI0[0] - insl- 
ndelx = xx; 



} 

else { 



coll[0] = 0; 
delx = -insO; 
ndelx = 0; 
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Table 1 (cont. 4) 

for(py = seqx[l],yy = l ;yy <=lenl ++ yy++W ' " nW 

mis = col0[yy-l]* ' } x 

if (dna) 

else + = < xbm I*P^ , A , ]&xbm[*py-'A'])? DMAT : DMIS; 

mis +=_day[*px-'A , ][*py-'A , J; 

/* update penalty for del in x seq; 

* favor new del over oneone del' 

* ignore MAXGAP if weighiine endgaps 



1 5 if ( end S a P s 1 1 ndely[yy] < MAXGAP) { 

if (col0[yy] - insO > = delyfyy]) { 

delyfyyj = col0[yy] - (insO + inslV 
ndely[yyj = 1; 

} else { 

20 dely [yy] -= ins 1; 



} else { 



ndely[yy] + + ; 



if (colOIyy] - (insO + insl) > = dely[yy]) { 
2| dely[yy] = col0[yy] - (insO + insl); 



} 



ndelyfyy] = i ; 
} else 

ndely[yy] + + ; 



/* update penalty for del in y seq; 
* favor new del over ongong del' 
*/ 

'!:." if (endgaps [ | ndelx < MAXGAP) { 

if (coll[yy-l] - j ns 0 > = delx) { 
H~ de,x = coll[yy-l] - (insO+insl); 

rii ndelx = 1; 



} else { 

j «* delx -= insl; 

40 ndelx++; 

} 

} else { 

if (coll[yy-I] - (insO+insl) > = delx) { 
delx =co!l[yy-l]-(i ns o + insl); 
45 ndelx =1; 



} 



} else 

ndelx + + ; 



50 '* pick the maximum score; we're favoring 

* mis over any del and delx over dely 
*/ 
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} 

else { 

if (dx[id].jp.n[0] && Hdna j 



Table 1 (cont. Si 

id = xx -yy + lenl - 1; 

if (mis > = delx && mis > = delyfyy]) 

collfyy] = mi S; 
else if (delx > = delyfyy]) { 

coll[yy] = delx; 

ij = dx[id].ijmp; 
(dxfidLjp.ntO] && (idna 1 1 (ndelx > = MAXJMP 

dgff&tit*^ ' ' miS > dxfid J- score+ ^so)) { 

if (++ij > = MAXJMP) { 
writejmps(id); 
ij = dxfidj.ijmp = 0; 
dx[id]. offset = offset: 

offset += sizeof(struct jmp) + sizeof(offset)- 

} 

dx[id].jp.n[ij] = ndelx; 
dx[id].jp.x[ij] = xx; 
dx [id], score = delx; 
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■ mis > dx[id].score+DINSO)) { 



COll[yy] = dely[yy]; 
ij = dx[id].ijmp; 
! (ndely[yy] > = MAXJMP 
&& xx > dx[id].jp.x[ij] + MX) 
dx[id].ijmp + +; 
if (++ij >= MAXJMP) { 
writejmps(id); 
ij = dxfidj.ijmp = 0; 
dx[id]. offset = offset; 

offset += sizeof(structjmp) + sizeof (offset); 



} 



} 



} 



dx[id].jp. n[ij] = -ndelyfyy]; 
dx[id].jp.x[ij] - xx; 
dxfid]. score = delyfyy]' 



lenl) { 



} 



} 



if (xx = = lenO && yy < 
/* last col 
*/ 

if (endgaps) 

collfyy] - = ins0 + insl*(lenl-yy)- 
if (collfyy] > S max) { yy/ ' 
smax = coll[yy]; 
dmax = id; 



} 



if (endgaps && xx < lenO) 

if (collfyy-l] > smax) { 1 
smax = collfyy-l] ; 
dmax = id; 

tmp = coIO; colO = coll; coll = tmp; 



(void) free((char *)ndely) 
(void) free((char *)dely) 
(void) free((char *)col0) 
(void) free((char *)coll) 
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Table 1 (cont. 6) 



' print( ) - only routine visible outside this module 



' static: 



* getmat( ) - trace back best path, count matches: printf ) 

1 0 * I'- £" ( ) " pr,m aii Snmem of described in array P n- orintf > 

* SFFVr ^ ' ° f " neS With n-StaT^ a.ign( ) 
nurns( ) - put out a number line: dumpblock( ) " 8 ' 

putlme( ) - put out a line (name, [num], seq, [num])- dumnblockC i 

* stars( ) - -put a line of stars: dumpbIock( ) "umpblock( ) 
J 5 ^"PnameC ) - strip any path and prefix from a seqname 

^include "nw.h" 

#define SPC 3 

^Hf? f 6 output line*/ 

serine yj>\>^ 3 /* space between name or num and seq */ 

extern _day[26][26]; 

% FTfF * l f n; /* set output line length */ 

^ FILE *fx; /* output file */ 

i s ft 

::JJ P r int( ) 

* . print 

^ mt Ix, ]y, firstgap, lastgap; /* overlap */ 

i p if ((fx = fopen(ofile, "w")) « 0) { 

H SS^ rr? " %s: can ' 1 write %sW '> P™«- ofi,e ^ 

0 SrlnSS' : < H qUenCG: %S (,ength = %d >^> "™ex[0], lenO)- 

3! Sen J eo ; SCCOnd SCqUenCe: %s (,en ^ th - %d )^"> namextl], lenl); 

L-l Ix = lenO;' 

%i) Jy^Ienl; 

^ u firstgap = lastgap = 0* 

« if < dma * < Jenl - 1) {' /* leading gap in x */ 
M PPlOJ-spc = firstgap = lenl - dmax - I- 

ly-= PP[0].spc; 

else if (dmax > lenl - 1) { /* leading gap in y */ 
PPflJ.spc = firstgap = dmax - (lenl - IV 
j PPM-spc; 

if (dmaxO < lenO - 1) { /* trailing gap in x */ 

lastgap = lenO - dmaxO-1; 
^ Ix -= lastgap; 

else if (dmaxO > lenO - 1) { /* trailing gap in y */ 
cc lastgap = dmaxO - (lenO - 1)* 

] y -= lastgap; 

getmat(lx, ly, firstgap, lastgap)- 
Pr.alignO; 

60 
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/* 

* trace 
*/ 

static 

getmat(l 



Table 1 (cont. Ti 



back the best path, count matches 



{ 



lx, iy, firstgap, lastgap) 
jnt lx, ly; 

int firstgap, lastgap; 



/* "core" (minus endgaps) */ 
/* leading trailing overlap */ 



getmat 



int 

char 

double 

register 

register char 



nm, iO, il, 
outx[32]; 
pet; 
nO, nl; 
*p0 ? *pl; 



sizO, sizl; 



/* get total matches, score 
*/ 

iO = il = sizO = sizl = 0; 
pO - seqx[0] + pp[l].spc; 
pl = seqx[l] + pp[0].spc; 
nO = pp[l].spc + 1; 
nl = pp[0].spc + 1; 

nm = 0; 

while ( *d0 && *pl ) { 
if (sizO) { 

pH- + ; 
nl -f- +; 
sizO--; 

} 

else if (sizl) { 

P0++; 
n04-+; 
sizl—: 



} 

else { 



if (xbm^pO-'A'J&xbm^pl-'A']) 

nm++; 
if (n0++ = = pp[0].x[iO]) 

sizO = pp[OJ.n[iO++] ; 
if (nl + + = = pp[l].x[ilj) 

sizl = pp[l].n[il + +] ; 

p0+ + ; 
pl + +; 



} 



/* pet homology: 

* if penalizing endgaps, base is the shorter seq 
else, knock off overhangs and take shorter core 

if (endgaps) 

lx = (lenO < lenl)? lenO : lenl- 

else 

lx = (lx < Iy)? Ix : ly; 

pet - 100.*(double)nm/(double)lx- 
fprintf(fx, "\n M ) ; 

fPnmf(fX ^f%7;i a x %^ d - % - 2f P-ems, m i,an, y Vn» 
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Table 1 ( conf «) 

if " <gapS " nrS ' %d "' gapx); 

(void) sprintf(outx, " (%d % s%s y ' ' & etmat 

fprimf(fx " 8 %s P "-o ( 2S ? " baSe " : " r " idue -' ^apx == , )? .. :V) . 

10 itg^^g^i" second sequence: %d", gapy); 

(void) sprintf(ouix, " (%d % s %s)" 
} fprin t f ( fx,"^; 0 ( S : ? " baSeV - idue "' <W == D7 - V); 

15 if(dna) 

fprimf(fx, 

w \n< score: %d (match = 

smax, DM AT, DMIS, DINsV Slf = g * P = %d + %d P er bas ^n", 

fprintf(fx, 

"\n< score: %d (Davhoff PAM 9sn ■ 
,n - f (endgap s ™ x ' PIN S0, PINS1); ^ 250 ma,nX ' ga P P ena "y = *«« + %d per residue)\n», 

2^= fprintf(fx, 

,K else 8 (dna)? base : resid ^", dastgap == i,?- . 

3§f j } fprintf(fx, " <endgaps not penali 2 ed\n"); 

\i 

is static nm . 

i"J static Imax- * ? atC u Q$ L n COre " for decking */ 

-> static ijm/ ' ,en S lhs of stripped file names */ 

3 SI ! static *cI2\ • £ Jmp ,ndex for a P ath *' 

M static ni r2] ' number at start of current line */ 

m sta *ic siz[2]- current elem number -for gapping*/ 

static char *psr21- /* 

. 5«J static char *p 0 r 2 i - L ptr t0 current element */ 

4(L; : static char outf21 rp I IMFi - /* Ptr l ° " ext out P ut char s] °* */ 

static char starfP MMpt L it ° Utput ,,ne * f 

star[P_LINE]; /* set by stars( } #/ 

/* 

45 */ PFint a,i ^ nmem of Ascribed in struct path PpD 
static 
pr__align( ) 

<n int nn /* u pr_align 

50 ; nt nn ' /* char count */ 

1 more; 
register ]; 

for(i = 0, Imax = 0; i < 2; i + +) { 

55 nn = stri Pname(namexfi))- 

if (nn > Imax) 

Imax = nn; 

nc[i] = 1; 

60 ni W = l > 



sizfij - ijfij = 0; 
ps[i] = seqxfij: 
P0[i] = out[i]; 



65 
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Table 1 (cont. 9) 

for (nn = nm = 0, more = 1; more; ) { 
^ for (i = more = 0; i < 2; i + +) { ...pr_align 

*^do we have more of this sequence? 
if (-'*ps[i]) 

1 0 continue; 

more + + ; 

if (PPfU-spc) { /* leading space */ 
15 *po[i] + + = • 

PPULspc-; 

else if (siz[i]) { /* in a gap */ 
*po[i]++ = 

20 } siz ra-; 

y e,Se * 7 * we ' re putting a seq element 

■Jl */ 

:«?: *PO[l] - *ps[i]; 

if (islower(*ps[i])) 

. *P s Ii] = toupper(*ps[il) ; 



50 



60 



} 



po[i] + 
ps[i] + + ; 



* are we at next gap for this seq? 
*/ 

if(ni[i] ==pp[i].x[ij[i]]){ 



/* 



§5 we need to merge all gaps 

L-i. * at this location 

j jf siz[i] = pp[i].n[ij[i] + +] ; 

Q while (ni[i] = = pp[i].x[ij[i]]) 

40 } Si2[i] +=pp[i].n[ij[i] + +]; 



} 



ni[i] + + ; 



> 

45 ,f (+ +nn = = olen | | !more && nn) { 

dumpblock( ); 
for(i = 0; i < 2; i + 

po[i] = out[i]; 

nn = 0; 

} 



55 ♦ / dump 3 bl0ck of lines > deluding numbers, stars: pr_align( ) 
static 

dumpblock( ) 

{ dumpblock 

register i; 



for (i = 0; i < 2; i + 

*po[i]~ = *\0 , ; 
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Table 1 (cont. im 



15 



(void) putc('\n\ fx); 
for(i = 0; i < 2; i++) { 

if (*out[i] && (*out[i] 
if (i ==0) 



= ' ' II *(po[i])!= ' ')){ 



nums(i); 
if (i == 0&& *out[l]) 
stars( ); 

putline(i); 

if (i == 0&& *out[lJ) 
fprintf(fx, star); 

if (i " 1) 

nums(i); 



.dump block 
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} 

/* 

*^put out a number line: dumpblock( ) 

static 

nums(ix) 

int 



ix; 



char 
register 
register char 



/* index in outD holding seq line */ 



nline[P_LINE]; 

"J; 

*pn, *px, *py; 



for (pn = nline, i = 0; i < imax + PSPC; i++. pn+ +) 
for (i = ncfix], py = outfix]; * py; py + +, pn + +) { 



if (*py 
else { 



r 7 ' ' II *py — '-') 



if(i%10==0 || (i == l&& nC [ixj!= 1)){ 
J = (i < 0)? -i : i; " 1 

for (px = pn; j; j /= 10, p X «) 
*px = j%10 + '0'; 

if (i < 0) 



nums 



} 



} 



} 

else 



*px — '-• 



*pn = 



*pn = '\0'; 
nc[ix] = i; 

for (pn = nline; *pn; pn++) 
(void) putc(*pn, fx); 
(void) putc('\n\ fx); 

/* 

^put out a line (name, [num], seq, [num]): dumpblock( ) 
static 
putline(ix) 

int ix; 

{ 



putline 
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Table 1 (cont. Ill 

t j ; ...putline 

register char * px; 

for (px « namex[ix] i = 0; *px && * px != v ; px+ + 

(void) putc(*px, fx); F ' +; 

for(; i < lmax + P SPC; i++) 

(void) putc(" \ fx); 

/* these count from 1 : 

* niQ is current element (from 1) 

* ncQ is number at start of current line 
*/ 

for (px = outfix]; * px; px++) 

(void) putc(*px&0x7F, fx)* 
(void) putc('\n\ fx); 



* /P ut a line of stars (seqs always in out[0], out[l]) : dumpblock( ) 
static 
stars( > 
{ 

int j- 

registerchar *p0, * p i, cx , *px; 

if ( it OUt l?} II ( *° Ut[0] " " & & *(PO[0]) = = • •) 1 1 
?*out[l] 1 1 (* 0 ut[l] = = " && = = . > ' 1 

return; J/ y; 

px = star; 

for (i = Imax + P SPC; i; i-) 

*PX++ = ' '; * 

for (P 0 = out[0j pi = 0 m[l]; * p0 && .pi - p0+ + , + +)( 
if (isalpha(*pO) && isalpha(*pl)) { P M 

if (xbm^pO-'A'J&xbmPpl-'A']) { 

CX = '*'; 

nm++; 

} 

else if (!dna&&_day[* p O- , A'jf* p l-'A , l > 0) 

CX = V; } 

else 



stars 



} 

*DX+ + = '\n'; 

*px = '\0'; 



} 

else 

ex = 
*px+ + = cx; 



cx = 
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Table 1 (cont. 12) 

/* 

*^strip path or prefix from pn, return len: pr_align( ) 
static 

stripname(pn) 

char *pn; /* file name (may be path) */ - Stnpname 

register char *px, *py; 
py = 0; 

for(px = pn; *px; px++) 
if (*px == '/') 
, PY = px + 1; 

«f (py) 

(void) strcpy(pn, py); 
return(strlen(pn)); 
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Table 1 (cont. 131 



/* 

* cleanup( ) - cleanup any imp file 

* getseq( ) - read in seq, set dna, len, maxlen 

* g _calloc( ) - calloc( ) with error checkin 

readjmpsO - get the good jmps, from tmp file if necessary 

* wr,te jm ps( ) - write a filled array of jmpsto a tmj fifefn^ ) 

#in elude "nw.h" 
^include <sys/file.h> 



char 
FILE 

int 
long 



*jname = 

cleanup( ); 
lseek( ); 



"/tmp/homgXXXXXX " ; 



/* tmp file for jmps */ 
/* cleanup tmp file */ 
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o 
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^remove any tmp file if we blow 



cleanup(i) 

{ 



int 

if(fj) 
exit(i); 



(void) unlink(jname): 



} 

/* 

* read return ptr to seq, set dna, len, maxlen 

* skip lines starting with '; ! , ' < \ or '>* 
*^seq in upper or lower case 

char * 

getseq(file, len) 
char 



{ 



int 



*file; 
*Ien; 



char 

register char 
int 

FILE 



/* file name */ 
/* seq len */ 

Iine[1024], *pseq; 
*px, *py; 
natgc, tlen; 
*fp; 



cleanup 



getseq 



if ((fp = fopen(file,"r")) = = 0) { 

Ixka) (stderr ' %s: can ' read %sVn "' prog - fl!e); 

tlen = natgc = 0; 

while (fgetsfline, 'l024, fp)) { 

if(*line== V || *line== ' < ■ || *] ine = = ■>■> 
continue; J 
for (px = line; *px != An*; px++) 

if (isupper(*px) 1 1 islower(*px)) 
j tlen+ + ; 

if ((pseq = mal!oc((unsigned)(tlen + 6))) == 0) { 

} SS S,derr '" %S: ma "° C( > f3i,ed t0 861 %d ^ S «" ™»". P- g , .len + 6. file); 

pseqfO] = pseq[l] = pse q[2] = pseq[3] = '\0'; 
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Table 1 fcont. 14) 

py = pseq + 4; ...getseq 

. *len = tlen; H 

J rewind(fp); 

while (fgetsfline, 1024, fp)) { 

if Cline — •;' || *Jine-= ■<• || *, ine „ •>•) 
i q continue; 

for (px - line; *px != 'W; px++) { 
if (isupper(*px)) 

*py++ = * pX ; 
else if (islower(*px)) 

15 *Py++ = toupper(*px); 

if (mdex("ATGCU",*(py-l))) 
natgc+ + ; 

} 

*py++ = 'NO*; 
*py = '\0'; 
Q (void) fclose(fp); 

: - n dna = natgc > (tlen/3): 

™; return(pseq + 4); 

,»pr. char * 

?H g_calIoc(msg, nx, sz) 

i'fl ^ * mSg; '* Program, calling routine */ g.Calloc 

3Q j { nx ' sz ; /* number and size of elements */ 

eh char *px, *calIoc( ); 

J«f if ((px - calIoc((unsigned)nx, (unsigned)sz)) = = 0) I 

3^ s if(*msg){ 

^ fprintf(stderr, "%s: g calloc( ) failed %s fn = %d »-<7H\\ n - 

«l; exit(l); 1 /od > sz ~%o)\n , prog, msg, nx, sz); 

3 } } 

40* } return(px) ; 

/* 

•get final jmps from dx D or tmp file, set pp[], reset dmax: main( ) 

45 readjmps( ) 
{ 

int fd = -1; 

,nt siz, i0, il; 

register i, j, xx; 

if(Q){ 

(void) fclose(fj); 

if ((fd = openGname, O RDONLY 0)) < 0) { 

55 ctissr " %s: can,t open( } %sw *' prog > jname); 

> } 

for 0 = i0 = il = p, dmaxO = dmax, xx = Ien0; ; i + +) { 
60 while (1){ ^'l 

for (j = dx[dmax].ijmp; j > = 0 && dx[dmax].jp.x(j] > = xx: j-) 



readjmps 
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if (j < o && dxfdmax]. offset && fj) { • • -readjmps 

(void) lseek(fd, dx[dmax].offset 0)- 



10 eke 

j break; 
if (i > = JMPS) { 

15 } " %s: "^^ 

if 0 > = 0) { 

siz = dx[dmax].jp. n [j]; 
xx = dx[dmax].jp. x(j]; 
20 ? max + = siz; 

1 (S1Z < nim r n • 7 * S a P in second seq */ 
PP[l]n[il] = - SIZ ; M 

: = : xx + = siz; 

/* id = xx - yy + i en l - 1 

125 ' 

H PPfl].x[ilj = xx - dmax + lenl - l- 

gapy++; 

J '* ^ nore MAXGAP when doing endgapf V ' = ^ 

f fj 2 + + f" Siz < MAXGAP 1 1 endgaps)? -siz ; MAXGAP- 

} 

Q e,se if < siz >0){ /* gap in first sea */ 

m PPfOJ.nfiO] = siz; 

55 PPfOJ.xfiO] = xx; 

^ gapx++ ; 

/* ignore MAXGAP when doing endgajs V* + = ^ 

siz + = (siz < MAXGAP | | endgaps)? siz : MAXGAP- 

else 

break; 

45 1 

/* reverse the order of imps 

for(j =0, i0-;j < i0;j++, i0 "){ 
50 j - PP f°J- n r W; PP[0].n[j] = pp[0].n[i0]; ppfO] nriOl - i- 

} « = PPfOJ.xOJ; pptOJ.xfj] = PP [0].x[ioj: S!o].x[iS] Z 

fOF(j =0, < j]..) { 

! - PP[l] n[j] ; pp[lj.n[j] = ppfj] n rjji. n _ m nrill 

55 } - - ppm-xoi; rpHJ-xS^ SnK 

if (fd > = 0) 

(void) close(fd); 

if(fj){ 

6q f VOid o un,ink ^ name ); 

offset = 0; 
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Table 1 fcont. Iffl 

/* 

*wriie a filled jmp struct offset of the prev one (if any): „w( ) 
writejmps(ix) 

{ mt «; writejmps 

char *mktemp( ); 
if(-'fj){ 

if (mktemp(jname) < 0) { 

i r !"!f^ err ' " %S: can '' mktempO %s\n" 



j 5 } cleanupd); R ' /<>Mn ' pr0g ' Jname > 

,f ((0 = fopen(jname, "w")) = = 0) { 

fprintf( s ,derr, "% s: can't write %s\n", prog, jname); 

> 



(void) fwrite((char *)&dx[ix].jp, sizeof(struct imp) 1 fiv 
(votd) fw„te((char *)&dx[ix].offse t> sizeofCdxfiKffLf',, fj ); 
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Table 2 



Comparison Protein XX>ODCYYYYY^^ :X: * (Length = 1 5 amino acids) 



XXXXXYYYYYYY 
% amino acid sequence identity = 



(Length = 12 amino acids) 



10 



polypeptide) = " 1 0t£U number of amino acid residues of the NS4 



5 divided by 15 = 33.3% 



15 Table 3 

! *~ ^S4 XXXXXXXXXX 

* Comparison Protein XXXXXYYYYW77V7 (Length = 1 0 amino acids) 

o IMy/ (Length = 15 amino acids) 

! 11 % amino acid sequence identity = 



§0 



Us 



polypeptide) = J y (the total number of ammo acid residues of the NS4 

S 5 divided by 10 = 50% 

2 Table 4 

k=A ^S4-DNA NNNNNNNNNNNNNN n a +u ,„ 

30 Comparison DNA NNNNNNLLLI T T T T i L ength = 14 nucI eotides) 

MNiNiNMLLLLLLLLLL (Length = 16 nucleotides) ' 

% nucleic acid sequence identity = 

35 V^JJ^a^gSgZ*^ -wo nuceic acid fences a S 
acid sequence) = Y ^ ° tal number of nucleotides of the NS4-DNA nucleic 

6 divided by 14 = 42.9% 

40 

Table 5 

NS4-DNA NNNNNNNNNNNN n .u ^ 

Comparison DNA NNNNLLLVV (Length = 1 2 nucleotides) 

(Length = 9 nucleotides) 

45 % nucleic acid sequence identity = 

SSeX 0 ™^ *« - nucleic acid sec^ces as 

^ acid sequence) = y ( t0tal number of nucleotides of the NS4-DNA nucleic 

4 divided by 12 = 33.3% 
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11 ^2§i!ions^^ P2871R1 
A * Fuli-length NS4 Pn^^ 

The present invention provides newly identified and isnl^H . • , 
encoding an NS4 polypeptide has been m„„,t ^ , ■ UNQSS^O). In part.cular, cDNA 

» in «. P J, spell „ ^ « * ■ , «r s* of 

their origin or mode of preparation ^ * 35 " NS4 "' re S ardl «* of 

»*% be defined by ,he skiiied artisa „ bv "° °" de Se,UmCe ° f ,he *"« »» 

w^jd j^r, ye, T gof,hedepo!ittdci °"«^^»«»^od S ,„,H, m 



20=* 



B- NS4 Variants 



h «*. ^ by sylhesis o I " d ™; o 77 ~ ~ changM „,,„ , he NS4 

or more codons encoding ,„e NS4 t b a , results in , H m8y " S '" ,S ' i """ , "• <,e,Mi ° n " ^ ° f »™ 

*«na,ivese q n,„eeNS4 Op.i.„ , " .^"^"^ ^---N*-"*--.* 

- W4 w„„ ,„„ , f h o mo ,o„„ us J* " S ' hedeS 7 d * f °™< * «P-» ,he se,nence of 
regionsofbi bill; A 7 " * " ^ ««"~ 

« - a serine, u . ~ - - * of a iene.ne 

uy systematically making insertions, deletions 
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^» 

"cany syntnesized. An alternative approach involves eeneratno *c>. <v» 

reaction (PCR). Oligonucleotides that define the desired termini of th* nx, A * 

□ introduced and the products screened. am " K> aC,d C ' aSSeS ' « 



.20 Original _ , 

IU Residue ^P'«y Preferred 

a i , A r Substitution s c , . . 

U Ala (A) val; leu; ile Su^sntunons 

Ar» (R) . , ' vaJ 

' AsnW 'y 

25 Asp(D) gn;h,s;lys;arg J n 

Cys(C) s giu 

G"n (Q) asn ser 
Glu(E) 

G| y( G ) I , asp 

30 His (H) P r n °' aa , ala 

lle(l) asn;gln;lys; a rg arg 

leu; val; met; ala; phe; 

, . norleucine . 

Leu (L) , . leu 

norleucine; ile; val; 

35 Lvsno met; ala; phe 



(K) ;r'r:r_ e «e 

arg 
leu 
leu 



Met(M) arg; gin; a S n 



Pro (p) leu ; v al; 'le; ala; tyr 

ala 

Ser (b) . ala 

40 Thr(T) fj thr 

Tr P(W) ser 



Hlvv; tyr phe xr 

Tyr(Y) / u i_ tyr 

Val(V trp; phe; thr; ser ^ 

'le; leu; met; phe; 

45 ala; norleucine j 
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Substantia] modifications in function or immunological identity of the NS4 nni *-* 

=r— ~™ 

(!) hydrophobic: norleucine, met, ala, val, leu, ile; 

(2) neutral hydrophilic: cys, ser, thr; 

(3) acidic: asp, glu; 

(4) basic: asn, gin, his, lys, arg; 

(5) residues that influence chain orientation: gly, pro; and 

(6) aromatic: trp, tyr, phe. 

r . the remaining (non-conserved) sites. prelerably, into 

jJ] 13-433. r.QMV 7 „ , mutagenes.s. S.te-d.rected mutagenesis [Carter ei a/., Nucl. Acids Res 

U — j3 1 ( 1 986 >; Roller et a/., Nucl. Acids Res 1 0 6487 ( 1 0R7M ~ 

n 985M t - , . ' - 487 (,987)L Cassette mutagenesis [Wells et al. Gem 34 315 

% 0 985)], re tr.ct.on se.ect.on mutagenesis [We.ls eta,., Philos. Trans. R. Soc. London SerA 3,7-4,5 (,986)^ 

P ^ tCChniqUeS - bC PCrfo ™ ed « * Coned DNA to produce the NS4 variant DNA 

51 rreeman& Co. ; N.Y.);Chothia,J. A/o/. 5/0/ 1501 riQ7^i rf.i • ■ . 

>*. ,d, qM « of varianl , an ,, oten , amlno >cM can te u ; e f " »— — o„ te „ 
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C. Modifications of NS4 
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« y „ c acid , hom<)b , fun „ ional imidoesters inciuding 

methylo-[(p-azidophenyl)dithio]propioi m idate ntssucnas 
««,„„„„ of , he N ., em ,, na , amine an<|amidati . on Qf ^ c ttminai ^ ». PP. «.(■«* 

^»en Ce A rri si,cosyi r * s ,o ,he ns4 m,y * -™ * — - «■»» - 

A„o«,« rmea „ s of imreasing tne „ umber „f c , rboMraK moie , jeson » * 

-b— , . ^ m7 , and „ Apll , and Wriston cffc c„,. «„ ^ p , 

gly«o»y,»„„. Chemical d^cosyla,™ ,.c h „i q « s « taown in , he a „ an<J *"* " f " 

glycos.dases as described by Thotakura etal M ,u e , ' d CX °" 

uy noiaKura el a/., Meth. Enzymol., H8:350 (1987) 

Another type of covalent modification of NS4 comprises linking the NS4 polypeptide to one f ■ , 
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.n one embodiment, sllch a chim „ ic molec „ |e comp . ses a ft ^ of wj|h a 
ammo- or carboxyl- ttrminlls of NS4 ^ presme rf such ep . ope Bgged foms ^ ^ NM ^ te 

z rr y >sains ' * e ,ai p °'^ p,ide ais °- provision ° f * e * -»» «» »» » * 
l r; t r and ,heir ■"*** -*■*• are weN ^ <- *• « 

I*-.* „„, „,„,., m65 omt , he ^ Bg ^ ^ 

.„ o ( 8D) , ag md 1B antibody [Paborsky „ Ensmering * > ~ 

M^s - ^-peptide ( Hopp BloTa ^, , 12<M , 1W (mm , he KT3 • 

r: f 92 " 94 <i992,,: ■ ^ ™* j « ~« «■ 

a sene 10 pro,ein TO,ae ,ag [Lu,2 - Freye ™ u,h - *- *~ ** & ' 

In an alternative embodiment, the chimeric moiecuie may comprise a fusion of , he Ns4 wilh „„ 
— o glob u,i„ or a partis reg i„„ „ f an in , m „ no , obu „, por a biva|em rftte ^ 

" "«>. - • » rc « gio „ „ _ , gG molecole , The fu * 

prrferabiy mc.ude the substitution of a soloble ( , ransmemtaTO doma|o ddewd ^ ^ 

—e ,„ piace of a , ieas, 0 „e variable regio „ wl|hj „ , g mo]ecu , e |n s ^ - 

^ n»™no g ,ob„,i„ — * hi„ g e, CH, a„ d CH3, „ Ihe binge , CH1 , CH2 and CH3 ^ ^ ^ 

m c,«„,e. P„ r , he produclion onmmunoglobu|i „ fos ,, ns ^ a , so us patMtNo 5 jsjued ^ i • ^ 

D - Preparation of NS4 

^ deSCripU » — ' » Prcucon of NS4 b, c uInjrlng ce„s .ansfo^ „ 

- a vec,„ co„„,„, ng NS4 nucleic aM „ is , of ^ a|Kmativs 

r : rr may " empioyed ,o prepa ™ nm F ° r ■ ,h - ns4 s — " — — C 

^ be „ sing „, anual Iechn , ques „ by ao|omaiion a u - * 

:zr v sB " ce '" si " sanApp,iedB,osyM ^^^^ 

P0 " ,OnS ° f ^ NM ta d sepa™ ely and co mW „. d uslng chemical 

or enzymatic methods to produce the full-len g th NS4. 

L Isolation of DNA Encodin g NS4 

DNA enc«h„ g NS4 may he ohta^ ^ . cDNA iibrary prepared fron, ,i !su e to posse* the NS4 

™ d '° eXPreSS Wd tagly ,hnm,n NS4 DNA can he conve„,.„, ly „ blai „ ed from . 
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CDNA .ibrary prepared from human tissue, such as described in the Examp.es. The NS4-encodi„g gene may also be 
obta.ned from a genomic .ibrary or by known synthetic procedures (e*. automated nucleic acid synthesis) 

LlbraneS be SCreened with probes (such as antibodies to the NS4 or oligonuc.eotides of at .east about 
20-80 bases) designed to identify the gene of interest or the protein encoded by it. Screening the cDNA or genomic 
hbrary with the se.ected probe may be conducted using standard procedures, such as described in Sambrook et */ 
Molecular Oaring; A Laboratory Manual (New York: Co.d Spring Harbor Laboratory Press, , 989). An alternative' 
means to .so.ate the gene encoding NS4 is to use PGR methodo.ogy [Sambrook a al, supra; Dieffenbach n - °CR 
Primer: A Laboratory Manual (Cold Spring Harbor Laboratory Press, 1 995)]. 

The Examples below describe techniques for screening a cDNA library. The oligonucleotide sequences 
sheeted as probes should be of sufficient length and sufficiently unambiguous that fa.se positives are minimized 
The ohgonucleotide is preferably labeled such that it can be detected upon hybridization to DNA in the library beino 
screened. Methods of labeling are we., known in the art, and include the use of radiolabe.s like labeled ATP & 
b.ot.nylation or enzyme .abeling. Hybridization conditions, including moderate stringency and high stringency are 
provided in Sambrook et aL, supra. 

Sequences identified in such library screening methods can be compared and aligned to other known 
sequences deposited and avai.ab.e in pub.ic databases such as GenBank or other private sequence databases 
Sequence identity (at either the ammo acid or nuc.eotide .eve.) within defined regions of the molecule or across the 
full-length sequence can be determined using methods known in the art and as described herein 

Nucleic acid having protein coding sequence may be obtained by screening selected cDNA or Genomic 
hbraries using the deduced amino acid sequence disclosed herein for the first time, and, if necessarj usin* 
conventional primer extension procedures as described in Sambrook et al., supra, to detect pre™ and process J 
■ntermediates of mRNA that may not have been reverse-transcribed into cDNA. 
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2 - Selection and Transformation of Host C ells 

Host cells are transfected or transformed with expression or clonmg" vectors described herein for NS4 
production and cultured in conventional nutrient media modified as appropriate for inducing promoters, selecting 
transformants, or amplifying the genes encoding the desired sequences. The culture conditions, such as media 
temperature, pH and the like, can be selected by the skilled artisan without undue experimentation. .„ .enera.' 
pnncp.es, protocols, and practica. techniques for maximizing the productivity of cel. cultures can be found i„' 
M™™l>™Cell Biotech 1 99,) and Sambrook supra 

Methods of eukaryotic ce„ transfect.on and prokaryotic eel, transformation are known to the ordinarily 
sk„ed art.san, for examp.e, CaC, 2 , CaPC,, Hposome-mediated and e.ectroporation. Depending on the host ce„ used 
transformation is performed using standard techniques appropriate to such ce„s. The calcium treatment emp.oyino 
cafc.um ch.oride, as described in Sambrook et al, supra, or e.ectroporation is generally used for prokaryotes^ 
.nfecnon w.th A g robac,ertu m tumefaclens is used for transformation of certain plant cells, as described by Shaw et 
al., Ce„,23:3,5(,983)and WO 89/05859 published 29 June ,989. For mammalian cells without such cel. walls 
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the calcium phosphate precipitation method of Graham and van der Eb, Virology, 52:456-457 (1978) can be 
employed. General aspects of mammalian cell host system transections have been described in U.S. Patent No 
4,399,216. Transformations into yeast are typically carried out according to the method of Van Solingen et al. J. 
Baa., ,30:946 (.977) and Hsiao et a,., Proc. Nat,. Acad. Sci. (USA), 76.3829 (1979). However, other methods for 
■ntroducng DNA into cells, such as by nuclear microinjection, electroporation, bacteria, protoplast fusion with intact 
cells, or notations, e.g., polybrene, po.yornithine, may also be used. For various techniques for transforming 
mammahan cells, see Keown et al., Methods in En=ymclo& 185:527-537 (1990) and Mansour at al Nature 
336:348-352 (1 988). 

Suitable host cells for cloning or expressing the DNA in the vectors herein include prokaryote yeast or 
0 h,gher eukaryote cells. Suitab.e prokaryotes include but are not limited to eubacteria, such as Gram-ne^ or 
Gram-positive organisms, for example, Enterobacteriaceae such as E. coli. Various E. coli strains are publicly 
W ava.lab.e.suchas* co// K, 2 strain MM294 (ATCC 31,446); E. coli XI 776 (ATCC 31.537* £ coli strain W3.10 
m (ATCC 27,325) and K5 772 (ATCC 53,635). Other suitable prokaryotic host cells include Enterobacteriaceae such 
|j as Escherichia, e.g., E. coli, Enterobacter, Enrinia, Klebsiella, Proteus, Salmonella, e.g., Salmonella typhimurium 
^ Serrano, e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. licheniformis (e g B. 
jjj I'cheniformis 41P disclosed in DD 266,7.0 published 12 April 1989), Pseudomonas such as P. aeruginosa and 
Streptomyces. These examp.es are iHustrative rather than Hmiting. Strain W3 .1 0 is one particu.ar.y preferred host 
Q or parent host because it is a common host strain for recombinant DNA product fermentations. Preferably the host 
£ cel. secretes minimal amounts of proteolytic enzymes. For example, strain W3. .0 may be modified to effect a 
2fo gtnet.c mutation in the genes encoding proteins endogenous to the host, with examp.es of such hosts including E 
I:! C °" W3 ' ' ° Strai " ' A2 ' Which h3S the COm P ,ete S-otype 'onA ; E. coli W3 ., 0 strain 9E4, which has the complete 
■ genotype tonA P tr3; E. col, W31 10 strain 27C7 (ATCC 55,244), which has the complete genotype tonA P tr3 phoA 
El, (argF-laOm degP ompT karr*; E. coli W3 1 1 0 strain 37D6, which has the complete genotype tonA P tr3 phoA 
El, (argF-lac),69 degP ompT rbsl UvG W; E. coli W31 .0 strain 40B4, which is strain 37D6 with a non- 
25 kanamycin resistant degP delet.on mutation; and an E. coli strain having mutant perip.asmic protease disclosed in 
U.S. Patent No. 4,946,783 issued 7 August .990. Alternatively, /„ vit ro methods of cloning, e.g., PGR or other 
nucleic acid polymerase reactions, are suitable. 

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitab.e cloning or 
expression hosts for NS4-encodin g vectors. Saccharomyces cerevisiae is a common.y used lower eukaryotic host 
.0 microorganism. Others include Schizosaccharomyces pombe (Beach and Nurse, AW* 290: 140 [1981]- EP 139 383 
published 2 May 1 985); Kluyveromyces hosts (U.S. Patent No. 4,943,529; Fleer et a,., Bio/Technology 9 968-975 
(1991)) such as, e.g., K. lactis (MW98-8C, CBS683, CBS4574; Louvencourt et al, J. Bacterial., 154(2)- 7 37-742 
[1983]), K.fragi,is (ATCC 12,424), K. bulgaricus (ATCC 16,045), K. W ickeramii (ATCC 24,1 78), K valtii (ATCC 
^ 56,500), K. drosophilarum (ATCC 36,906; Van den Berg e, al. Biotechnology, 8: .35 ( 1 990)), K. thermotolerans 
-35 and K. m ar X ianus; yarrovia (EP 402,226); Pichia pastoris (EP 1 83,070; Sreekrishna et al, J. Basic Microbiol ' 
28:265-278 [1988]); Candida; Trichoderma reesia (EP 244,234); Neurospora crassa (Case eta,., Proc Natl Acad 
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TTh n S 8 ' ~* *»■ N ' mm '""""*»"■ (WO ,,,0035, 

pubhshed ^ ,„„, and tas such _ , M „ (B „,_ m < - 

— h include , bu , „ „ |imi|ed , o ^ Mpibk of ^ ^ meitao| ^ ^ ^ - 

„„g of «„W,, c** Kloeckera, „*» Sa^ mmm , T„„ ops , s , a „ d ^..^ , ^ of 
spec* ft. are exempt of Ihls class of yeasts may be found in C An.nony, * ^ 

Methylotrophs 269 ( ] 982). 7 OJ 

10 E^ ote S T b ' e Ce " ! f " eXPre5S ' 0 " ° ! ^°*<"« ™ - **- — organisms 
^ P - f ."ve mtat , M , lsi „ cludei „ sectcells!uchasDrosopni|aS2and dopteraSrc.aswellaspltcel.s 

S e EXam :' eSO -^=Cn i „ e »„,n, s ,„„^ ( CHO,„ d COScen, M„ res ; e t 

IJi Sertoli cells (TM4 Mather, 6/0/. Reprod 23-24M5I O980X- h ™, 77,42lo (1980,,; mouse 

cells (Hep G2 HB 80ri5\ „ '™g cells (WI38, ATCCCO. 75); human liver 

(Hep G2, HB 8065); ,„ d mouse rnarnn , ary „,„,„ (MMT ^ ^ 

a app,op„ a ,e host cell is d eeme d to be within the skill in the ,rt 
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^ 3 - Selection and Use of a Re p licable Vector 
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The nuclerc a ci„ ( , g , cDNA or genomic DNA) encoding NS4 may be inserted into . replic.hlc vector for 

ample, e ,„ the form of a p, as mid, cosrnid, vir.1 p.rticle, or ph, 8 e. me ap pr„pria,e nucleic acid se.uenceC 
he inserted ,„,o the vector by . variety of procedures. ,„ genera,. DNA ,s inserted into an a p propr J res , riMl 

one or more of a sign., seouence, an origin of region, one or more marker genes, ,„ enhancer «^ 
promoter, .„d . m „scr,p„„n Natation seouence. Cons^on of suit.b,e vector, containing one „,„« of , s 
components emp.oys sla „ d „ d ,ig ati „„ technics which are known ,„ , he ski„e d artisan 

The NS4 may be proceed recombinant,, no, only d irec,,y, bu, also as a fusion polypeptitle with , 

N-t rmmus of ,he m a ,ur, protein or po,ypep,i d e. ,n ge„e ra |, ,he sign,, seouence may he a componen, „ ,h, vector 
or may be . par, of the NS4.encc.ing DNA tha, is inserted ,„,„ the vecro. The signal seouence ma, b 

a -s able _„ I, leaders. Por yea,, secretion ,h, s,g„ a , seouence m ay he, «,, ,he yeas, invert Ider 

TsT^TTTT^^ ~. - .-described in U,. Paili 

No. 5,0,0,182), or a c,d phosphate leader, th.C glucoamy.as. le.de,(EP362,,79 P ub,ished4 A p ri, ,990), 
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0, .he sign,, described „ WO «0/,3«o published , 5 November , W0 . ,„ mamma.ian cel , exprcssi< ,„, 
stgna, fences may be used ,„ direeI SKre , ion „ ^ ^ ^ _ ^ ^ ^ 

of the same or related species, as well as viral secretory leaders. 

Both expression ,„d e,„„i„ g vectors contain , nucleic acid sequence ft* enabie, the vector ,„ replicate in 
on. or more selected host ce„s. Such sequences are w.„ Known f„ r . variety of bacteria, y east, and viruses The 
ong,„ „ rephcation from ,„< pl^id pBR322 is s „ toble for 0nn ,.„ ega „ ve ^ fc ^ 
suable .or yeas,, and various viral origins (SV4 0, polyoma, ad^, vsv or Bpv) „ ^ , 
in mammalian cells. s 

Expression and Coning vectors „,l, typically contain a selection gene, also termed a sel.cnable marker 
Typ.ca, selection genes encode proteins ,h„ (.) confer resistance ,„ antibiotics or other toxins, ampicilhn 

sB avatlable from complex media, e.g., the gene encoding D-alanine racemase for BacM 

00 „ A " eXa """ e ° f S "" able ^ f " m ™*» <*"* « «™ -ble the identification of 

es r, ed b, Urlaub „ a,.. Proc. «,,, ^ Sci USA , mmo) , A ^ ^ fof ^ / fe 
" MW JIT x'T' *" P ' aSmid YR " 7 IS,i " ChC ° mb " * »*- 3*» <>»** Kingsman « rf. 

2E «^ "^^^^ ATON ^ orrew -' »-**-.*n 

P Expression and cloning vectors usually contain a promoter operably linked ,„ , he NS4-encoding nucleic acid 

sequence to direct mRNA synthesis. Promoters rec„g„i 2 ed by , variety of potenti,, host c.„s are we,, Known 
Promoters suitaoie for use with p,„ k ary„„c hosts inCude ,h. p-lactam.se and lactose promoter systems ,Ch,„ g « 
«, M~. m * ISnm>t ooedde, „«. „„ 544 ( ,„ 9 „, altaline phosphatase . > 

15 system [Goeddel, Nucleic Acids Res., 84057 (1 980V EP 36 7761 a ,hK, 

r . a ~ 1 80) ' EP j6 ' 776] ' and h y brid Promoters such as the tac promoter 

[aeUoer et at., Proc. Natl .Acad S ci USA 8071 -^/■lojmi n- 

... ^ , ^,80.21-25 (1983)]. Promoters for use in bacterial systems also will contain 

a Sh.ne-Dalgarno (S.D.) sequence operably linked to the DNA encoding NS4. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 3- 
Phosphorate kinase [Hitzeman,.,,,^ 

J. A* E^ me Reg ., 7:149 (,968); Holland, BiocHe mist ry ,7:4900 (1978)], such as eno.ase, glycemUehyde-3^ 
Phosphate dehydrogenase, hexokinase, pyruvate dec^ 

,-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose isomerase, and glucokinase' 
Other yeast promoterS) whjch are inducjble promot£rs havjng addjt;onai ^ 

control. ed by growth conditions, are the promoter regions for alcohol dehydrogenase 2, isocytcchrome C acid 
Phosphatase, degradative enzymes associated with nitrogen metabolism, meta.lothionein, g.ycera^ehyde^-phosphate 
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use m yeast expression „e further described in EP 73,657. Promoters to, 

NS4 ascription from vec , ors in mMim ^ . ^ ^ 

-has Ade„™ s 2) , bovine papilloma ^ svi „ ot ytas ^ J j ; 

xri r 40 <sv4o> ' f,om hcKroi ° gous — — • <* - p»«.»T 

Zst " ~ ^ ^ h "'- !h0Ck — d - ~ « — e * ... host 

Transcription of, DNA encoding the NS4 by higher eutaryotes may be increased by insertin, ,„ enhance 
0 seouence into the vector. Enhancers are ci,ac,i„ g Cements of DNA, usually about ft om ,L 7Z I I 
a promoter ,„ increase its transcription. Many enhance, sequences arc now „o w „ fto m mammalian „ ^ £ 
„m,„, a . f o pr01ein , _ in sa,i„, T y pieally , ho _, w|| , ^ _ 

uus. Examp ,es ,„c lu de the SV40 enhancer on the late side of the rephcation „ r i g i„ (bp 10 J 70) 
cytomegalov.rus eariy promoter enhancer, the poiyom, enhancer on the „,e side of the reo, car 

butts preferably located at a site 5' from the promoter. "Sequence, 
from „* E T°u ~" 1,081 C * <W ^ ""«• "—.or nuclear cells 

of.::::!^ 

frao t - „ 6 reg, ° nS C ° ma,n nUdeotide se § me nts transcribed as polyadenylated 

fragments ,n the untranslated portion of the mRNA encoding NS4. P^enylated 

Still other methods, vectors, and host cells suitable for adaptation to the synthesis of NS4 in re,. „■ 

4 - Detecting Gene Amplifkation/FYpr,^,^ 

Gene amplification and/or expression may be measured in a sample directly for examn.. h 

ZI520 , 05 ,1,80,1 do, b,o„,„ 8(DNA ana , y s is) , mlnMu hybridizal . on us ^ 

Tl: iTT provided herein - A " ma,ivel> ' amib ° dies -» * *- - £Z 

bo*e ,„ turn may be ,abe,ed and the assay may be carried on, where the duple* is bound ,„ , surf ce so 2 
upon the format.on of du P ,„ „„ ,„e surface, ,he presence of antibody bound to the duple, can be detected 

stain™ of Z T^"' ^''^ * ^ ^ "* - "munohistochemica, 

s.atnmg of ee„s or ttssu, secttons and assay of eel, cu.ture or body fluids, ,„ ou.ntita.e di„c„y the e„ressi„n of J 
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sequence NS4 po.ypept.de or aga.nst a synthetic peptide based on the DNA sequences provided herein or against 
exogenous sequence fused to NS4 DNA and encoding a specific antibody epitope. 

5 - Purification of Polype ptide 

^JT"™^* 1 ^^^^*^^^ Membrane-bound , can 
b . ease *^™^^^^^^^ m ^ ^ 

cychng, son.cat.on, mechanical disruption, or cell lysing agents. 
' 0 aree 'l™^^ The followin" procedures 

3 PAGE am ^^^C, chromatography on silica or on a cation-exchange resin such as DEAE; chromatofocusing SDS- 
«, "AGE, ammon, m sulfate precipitation; gel filtration using, for example, Sephadex G-75- protein A Seoh 

Var.ous methods of protem purification may be employed and such methods are known in the art and describ d f ' 
examp,e , Oeuts.er, Methods in Enzymology ^ ( , ^ ^ ^ 

product,on process used and the particular NS4 produced. 
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J N„c,e„„de sequences (or their comp , ement) e „ coding NM varj<(iis 

The full-length native sequence NS4 DNA fSFO in Ton- i \ rt 

«£, n—, K eurri„ g v , ria „, s of NS4 0f NS4 ^ o|her spec|es) ~ - 

the NS4 sequence disc | osed m Figufe , A 1 *»t,ly ,o 

inn™, of ,• °"»™'«'"»' » »"» sen„m,c sequences induding promoters, enhancer elements ,„d 

St " m, " S "* ^ DNA '0 ^Size , seiected probe of about 40 bases Hvbrl r 

probes m , y be iabeied b y , varied of iabeis, inciuding radionuclides such as »P or »s en ' , 

-Piententar, ,o ,h at of the », s ,„e of the present ,„«„„,. ca „ be used „ „„„ ^ „ f jj^ 
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genomic DNA or mRNA to determine which members of such libraries the probe hybridizes to. Hybridization 
techniques are described in further detail in the Examples below. 

Any EST sequences disclosed in the present application may similarly be employed as probes, using the 

methods disclosed herein. 

Other useful fragments of the NS4 nucleic acids include antisense or sense oligonucleotides comprising a 
s.nge-stranded nucleic acid sequence (either RNA or DNA) capable of binding to target NS4 mRNA (sense) or NS4 
DNA (antisense) sequences. Antisense or sense oligonucleotides, according to the present invention comprise a 
fragment of the coding region of NS4 DNA. Such a fragment generally comprises at least about 14 nucleotides 
preferably from about 14 to 30 nucleotides. The ability to derive an antisense or a sense oligonucleotide, based upon 
a cDNA sequence encoding a given protein is described in, for example, Stein and Cohen, Cancer Res. 48:2659 
(1988) and van der Krol et ai, BioTechniques 6:958 (1988). 
J Binding of antisense or sense oligonucleotides to target nucleic acid sequences results in the formation of 

™ duplexes that block transcription or translation of the target sequence by one of several means, including enhanced 
degradation of the duplexes, premature termination of transcription or translation, or by other means. The antisense 
oligonucleotides thus may be used to block expression of NS4 proteins. Antisense or sense oligonucleotides further 
compnse oligonucleotides having modified sugar-phosphodiester backbones (or other sugar linkages, such as those 
described in WO 91/06629) and wherein such sugar linkages are resistant to endogenous nucleases Such 
ohgonucleotides with resistant sugar linkages are stable /„ v/v 0 (,,., capable of resisting enzymatic degradation) but 
retain sequence specificity to be able to bind to target nucleotide sequences. 

Other examples of sense or antisense oligonucleotides include those oligonucleotides which are covalently 
linked to organic moieties, such as those described in WO 90/10048, and other moieties that increases affinity of the 
ohgonucleotide for a target nucleic acid sequence, such as po.y-(L-lysine). Further still, intercalating agents such as 
ell.pac.ne. and alkylating agents or metal complexes may be attached to sense or antisense oligonucleotides to modify 
bmding specificities of the antisense or sense oligonucleotide for the target nucleotide sequence. 

Antisense or sense oligonucleotides may be introduced into a cell containing the target nucleic acid sequence 
by any gene transfer method, including, for example, CaPO.-mediated DNA transfection, e.ectroporation, or by usino 
gene transfer vectors such as Epstein-Barr virus. In a preferred procedure, an antisense or sense oligonucleotide I 
.nserted .nto a suitable retroviral vector. A cell containing the target nucleic acid sequence is contacted with the 
recombmant retroviral vector, either /„ v/vo or « v/v 0 . Suitable retroviral vectors include, bu, are not limited to those 
derived from the murine retrovirus M-MuLV, N2 (a retrovirus derived from M-MuLV), or the double copy vectors 
designated DCT5A, DCT5B and DCT5C (see WO 90/13641). 

Sense or antisense oligonucleotides also may be introduced into a cell containing the target nucleotide 
sequence by formation of a conjugate with a ligand binding molecule, as described in WO 9 1/04753. Suitable lioand 
binding molecules include, but are not limited to, cel. surface receptors, growth factors, other cytokines, or otter 
hgands that bind to cell surface receptors. Preferably, conjugation of the ligand binding molecule does not 
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subsramially inhere wlt „ the abi% of ^ 

The probes may also be employed In PCR ,.,„ ■ endogenous hpase. 

closely rela.ed NS4 coding sequence! " ^ " ^ <°' * 

Nucleotide sequences encoding a NS4 can al™ h P „c,h > 
gene which encodes that NS4 and for the hybn ' diZati ° n ^ «* *. 

I --irpr::^ 

1 .€ t binding «„„ ' 1 II / - " " ^ "~ """'^ " 
B ^eins involved in si b^I n^ ' 7 ^ — - * IMfct 

S -ays can be designed ,» ^ ^ ' ^ ~ "° - » li 8 a„d(s, Scree„i„ g 

S NS4. Such J, assay ^ mim ' C «** ™ or a recep.or J 

,, syndic organic „ r i„ org a„ ic rae J CC ~* hM 

orcein bindi„ g assays, biochemical m ,„ g J"""* Perf0 ™ ed ™* »»orm,,s, including p role m. 
characterized in ,he a„. "™un„ss,ys and cell based assays, which are well 

Nucleic acids which encode NS4 or its mnH.'fWi f 
25 or War animals which i„«.m ""1^ 

induced in.o ,he a„L ,'or an" e a "7 " *" " ~ «— ™ 

'0 genomic sequences used ,„ -enera,, ,ra„s„c W " h """"^ ""i"""* »« *« 

^^forNS^ansgencincorporarionwirbrissue-speein enh e« T " liP "*-« , "«—« 
Of a ,r,„s g ,„. encoding NS 4 induced i„,o ,he -erm „e of h " " ,ha ' """"" ' " W 

» «-^-^-r.c,ofi„cr,ascde <P rcss,o„„f DN ;i:J:; N f ; C n, r' "T "» " - » 
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in accordance with .his fac e, of the invention, an „ imal „ lreated wilh , he ^ _ , ^ 
pathological co„d iti o„, compared ,o un.rea.ed animals bearing me ransgene , would indicate , po.en.ia, .herapeu.ic 
intervention for the pathological condition. 

Ahematively, non-hmnan homologues of Ns4 can „„ „„„ ,„ , ^ ^ ^ 

has a defective or al.ered DNA encoding NS4 as a nesui, of homologous ^bina.ion b=»een th, endogenous DNA 
encoding NS4 and .Itered genomic DNA eno„di„ g NS4 in.roduced in.o an embryonic s.em cei, of ,he a„i m », For 
example, cDNA encodi„ g NS4 can * used ,„ Cone genomic DNA encodi„ g NS4 in accordance with cabined 
techn.au.s. A portion of.be g e„omic DNA e„codi„ g NS4 can be deie.ed or replaced w,,h ano.ber g e„e sucb as a 
gene encoding a selec.abie marker which can be used .o moni.or in.egm.ion. Typically, Severn, kilobases of unal.ered 
Wn, DNA (bo,b „ ,be , and , ends, arc inc.uded in .be v.c.or [see e.g., Thomas and Capeccbi, e» 5 , :50 3 
098 ) for , desenphon of homologous ..combination vectors,. The vee.or is induced in.o an embryonic s„m cei, 
l.»e (eg., by etaropomt.on, ,„ d c e„s i„ wh ,cb the in.roduced DNA has homologous* rccombined wi.b ,h. 
endogenous DNA are seiec.ed [see e.g., U . c* «,„ „9 92)I . The seiec.ed ce„s are ,he„ injeced in.o a 
b.as.ocys, of „ animal (eg., a mouse or ra„ ,„ form aggrega.ion chimera, [see ,g„ Br a d,.y, in ^ 

ch.meHc cmb w can ,be„ be implan.ed in.o a suimble pseudopregnan, femaie fos.er animal and ,he embryo brou* 
•o .enu ,o crea,e , "knock „u,- anim.l. Progeny ba,bori„ g ,be homo.ogously recombined DNA in .heir „erm cells 
can be iden.ified by s,.„d a rd .echniaues _ used ,„ breed animafs in which a ,l ce„s of.be animal con.ain the 
homologous* recombined DNA. Knockou, anima,, can be characterized for ins.ance, for .beir abiiiry ,„ defend 
aga.ns. cenam pa.hologica, conditions and for mei, developm.n, of p a ,b„,o g ica, condi.ions due ,„ absence of ,he NS4 
polypeptide. 

Nucleic acid encoding ,be NS4 polypep.idcs may be used in gene therapy. ,„ gene .berapy applica.ions 
genesare .produced in,o cells in order.o achieve ^.Vosyn.h.sisof a tberapeu.ically effective genetic r^lc, ^ 
example for replacement of a defective gene. "Gene therapy" includes both conven.iona, gene .berapy 
effect ,s achieved by a single ,reatm.„,, and the adminis.ration of gene therapeu.ie agen.s, which i„vo,v.s the one 
..me or repeated adminis.ra.ion of a therapeutically effective DNA o, mRNA. An.isense RNAs and DNAs can be 
used as .herapeu.ic ,ge„,s for blocking ,he expression of certain genes * v,V, „ has already been shown ,ha, sh„ n 
an.,se„se o„g„„„c,e„,,d,s can be imported in.o cells where they ac, as inhibitors, despi.e .heir low i„,race„u,ar 
conce„,ra„„„s caused by .heir resumed up.ake by ,h. cell membrane. (Zantecnik „ „/, P roc Nall Acad &l USA 

negat.vely charged phosphodiester groups by uncharged groups. 

There are a variety of techniques available for introducing nucleic acids into viab.e ce.ls. The techniques 
vary depending upon whether the nuc.eic acid is transfer into cu.tured ce„s *, vitro , or ,„ vivo in the celIs 
-ntended host. Techniques suitable for the transfer of nuc.eic acid into mamma.ian ce.ls i n vil ro inc.ude the use of 
^osomes, electroporation, microinjection, eel, fusion, DEAE-dextran, the calcium phosphate precipitation method 
etc. The currently preferred ,„ v,v 0 gene transfer techniques inc.ude transfection with viral (typica.lv retroviral)' 
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zz 7 v,ral coa, rM ^ m " mediaKd — «- - ix- * , , 205 . 2 ,„ 
1 ™ ,ions * is ,o ^ "* acw wi,h - « - - i- «*. 

, *c. Where Lposomes ,„ emi>loye(f , p „, ei „ s ^ bjn<| M a m|| surftce membram ^ 
Ic^non and enhanee iimcelluh , ha|f ., ift T „ e .^.^ of raepBrMiie(liattd ^ 

zrrr""' j ** - ~ « «» « «;<: 

io „ 992 ) reV " W """" ™" ki " s " se " e *™ w pro ' oeol! see Anderson - «*-as=^i3 

° e,e , h^ ""'""""^ herei " " ISO " emPk,Ve '' " -*»*■' «"* — » f» P-o,«,n 

electrophoresis purposes. p^icm 

f« ~' t ?™ markins reagems ' ^ - — - - — Each 

w. NS4 uucle.e acld molreule of ,„ e presen , inven| . on on ^ ujed ^ a chromos<)nie markw 

The NS4 pdypep.ifc ,„<, „ ucleic acid mo|K1 , |es „ f , he presem . nventjon a|s<| ^ 

0 W '" 8, : here '" * e ° f *« be d.ffe™,^ expressed in one Iissue as 

7™ d » ~«~ ~ ~* - ~ »» n„. fc g .„ mting probcs for KK NMhem raalysi ; 

^tt= Southern analysis and Western analysis. 

'" ! The J"" r T"""" md m0 **°" ""^ *. be e mp ,„ y ,d „ .herapeudc agents 

T NS p„, ^ and modu|a ,„„ , hreof of , he present inventjon _ ^ fomu|aMd ^ ■ 

r :r prepm p am,8ceu,ica " y useM ^ ^ ns4 ^ «-*- ^ ~ 

w„ h . „ h « al , y acceptab|e c>m .„ vehic|e ^ rapeu _ jc fomuiMbns ^ fe 
»ve ,„ 8r e d „ nl having the teired deg „ e of ^ ^ opt|ona| physio|ogicj|]y cmj - ^ . 

— ™ & , e „« s , 61h editl , n , 0S01> A . Ed in ihe fom ; 

doages ..c Mli „ empl<)yed , „„ incWe bu(rm suc „ as phosphaa citrate oihw 

: r,t mciu<,i T ascorbie acid: iow n,oicc " iar wish ' <icss ,h ™ atai 10 rBte) — . 

»se™ ,,„„„,,„, gcl a,,„ orlmmunogto , ins;Mrophi|i ,^ meresuchas ^^^^ 

»P-Sin«, a rgi „,„, „ r iysine; monosaccharides , disaccbarMes ^ Mner 
■n -„ 8 glucose , »„, or deOTi „ s; che|a „ ng ^ ^ ^ edtA; ^ a]cohojs ^ mamtei _ 

saMon^g counttrions S ueh as sodium- ,„d/or nonipnic surfac.an.s such as TWEEN* PLURONICS'or PEG ' 
The f„™„, alio „ s „ „ sed f „ f „ v ,. vo a „ minismition must ^ sten|e . 

n„n,„o„ ,h„„ g h s, e * n„ r a, i0 „ m e mta „ es , prior „ or fo|lowing |yophi|j2aiio|] 
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— * - ,n„venous soiution teg or vla , havi „ g . s , opper „ fcy , • 

The route of administration is ,„ acc „ rd with k „ ow „ ^ ^ ^ ^ 

apentonea ,„_,, i„, ramuscular , „ ^ ^ 

or by sustained release systems. ^ministration, 

-cpcndmg on the particular use envisioned. The determination nr.h. . • ., 

is well within ft, i-i, f „• " eaeKm " l "" < " ,<,flhe W"'P"»^os a georr„u K „f,<l m i„i srra , i o„ 
s we,, w,th,„ the „ of „ ordtnaiy Anim „ ^ ^ 

pnacp es ,a,d down o y M „ r de„,i, , and Cnappcll , w . ^ . of , toxj k , "°„* 

^ Dn , n „,„,, Vac„hi„o,., E d,, Per 8 am.„ Press, New v ork , 989 , pp 4 J 6 

dosat,. '" a<,n "° iS,n " i0 " " f ° P °' yPeP,i<le " aS °" ,! ' " is employed norm,, 

dosage monnts m ay vary fr o m a .„u, ,„ ngAg , 0 up ,„ ,„ rf "J 

pn=erao,yabou, , K***. lOm^depend^.pondneront.ofadminis.tion. Cu dance as t Z «1 

I r;; ;;; hods rr-* - ^ ■» - - - - * N „, w>MOi 5 ^r 

m " ^ *" d " rmn ' «— - * — diffe™, treatment compound and 

d ffereo .sorders, tha, administration targeting one organ or tissue, for e,amp,e, m, y necessitate 1^ 
U manner differen, from Ihalio another organ or tissue. 

,;; de or mentor, microencapsui.tion is e.ntempiated. Mieroencapsuiati.n of r.comhinan, proteins for 

Z „ TT " hUma " <—~ (rMPN- 

er *n-2, and „N ,gp, 2 „. Johnsoa „ a, Med J 795 . 799 ( , 996); Yasuda , ftw ^ 

fl«* H„a e,„, ^^^,5, (199 „ 1; c„„ n d, -Design and Production of Singie irnmuniza 
scenes us,„g P o,, M ide Po, y g, y c„„de Microsphere Systems,- in Vaccm Deslgn: The Su J,, 

(PLGA) o7 SUS " ined - re ' CaSe f °™ U,a,i °" S « h scoped using poiy-iaciccogiycoiic acid 

» P GA. „c„c and giycohc acids, can he Ceared q uic kly within the human hody. Moreover, the degradlny of 
*. 01 mer can he adjusted from months ,„ years depending on its moiecuiar weigh, and compos ion Le^ 

The therapeutic agents and compositions comprising NS4 provided herein can he used in a number of 
apphcations. The appiic.tions ineiude rrea.ing an individua, w„h ohesi, or a condition associated with ohTi y „ 
on, aspect, NS4 is administered to an individua, in need thereof in an amount effective to ,r„, the 
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,1 1 7 " reqUi,eS 8 ' ' eaM °" e ° f ^ » * — * - b —boiism 

•^.^.^^H,*..^ decrease in ,reef,»y a ci d s ., ma 2 

y~ « **. „ ca „ be rared by standard meihods fw ; essurjng :;;: 

consu„, P „o„ . de,ermine ma , Mc nK „ sing m deKmine w£jgh| ^ J »- 

me.hods. E«* of ,hese p.rame.ers is «=mp,ifie d r „ . hc !pecific exampfcs 
NS4 and composes comprising NS4 m ^ ^ 

— * * *. - ta « ^ bel0<v „ « re e„ ingformodulato „ ofNS4 A1 , °: 

„ . ,„a, m„du,„ors of NS4 can also be iden,if,ed by ,„, use ^ wMs ,„ d _ ^ 

NS4 oo, S ,7T"° n enC °"' P " S " " ,e,h0dS " f SCreeni " S COmP<,,,ndS "> """f ** »■■* - — *e 
NS4 p.,ypep„de (ag0 „, SB) 0 , preve „, or „„,„,-, fc cma of , he NM 

an.agoms.s are referred ,„ as moc , lators hmK ^ assays fof J — 

.de„„fy c„m P ou„ds ,„ a , bM or compl „ „„„ , he NS4 po|ypeptides mcodcd ^ 
; o,„™ witb the inKractio „ of , he ^ po(ypepiides e™ . o 

J assays w,» u,,ude .says anl e„ aW e _ hig , lhroughpw !creen , ng ofchemi£a| , > ^ 

suitable for ,den,ifying small molecule drug candi da ,es. m pa r,,cul a ,ly 
j Hi. assays can be performed i„ a yarier, of forma,, ,„c,udi„ g prMeIn . pponHn binding 
; *ree„,„ s assays, immunoassays, a „d cel,.» a sed assays, wbich are we,, ch.rac.eri^ in ,„e « 

! 0*0.0,1." 'T/r <,nttS< " ,iS ' S " e C ° mDK,n " """ *" f " COn ' aC "" 8 *• *« > NS4 

^•'*-^»nue,,ic^^ 

components to interact. 0 
In bin di „ g .ssays, ,he i„,„ a c,i„„ is binding and ,„e com p ,e* formed c„ 6e is„, a ,e d or de.ec.ed in , he 

«nd,da,e ,s ,mmobi,i 2 e d on a soiid P „ase, ... on a microri.er P „,e, oy eovaleo, or non-covalen, 
ov a e„, . meM genera „ y , a—ed by coa|jng so|jd surfece a N „ 

» d„em 8 , ively , an imme.,^ a „, ibody , ^ . ^ ^ ^ ^ 

— o„„„ a so,idsurf a ee, T nea,s,yis P erformed by adding ,ne„o„-ilTb 
comoonem, w hlch may bc labelcd by . „ ^ „ ^ - 

,be ancbored c»,po„en,. Woen ,be reacion is com P ,e,e, ,be „on-re.c,e d e.m P one„,s are remo jT 
by w,sb,„g, and com P ,e«s .„ebo,e d on me so.id surfaee are de.ee.ed. Wben , hE origin,,,, non-immo.,',^ 

Z":; * ,ec T ,ab "' dc,ec,ion ° f iabe ' - - — - -P- 

eZl b!! " ™ bilKed — *» « -y • »m P ,„i„g CM bc de.ec.ed, fo 

example, by us.ng , ,,bele d an,ibo d , specifically. b-i„ d i„g , he immobili«d c„n,p,ex 

gene J^T"" ^ " " " ' ^i™'" — ^ • 

gene ,den„f,ed ber.m, „s ,„,e, a c,i„„ with lha , f ^ Ue . be ass , yed fcy ^ ^ ^ 
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protein-protein interactions. Such assays inciude traditiona. approaches such „ „ 
— oprecip^^ «*■ co- 

~~ * -a, and Nathans, ^ Z ^ ^ £ ~ ^ " 

ici unt functioning as the transcript on-activation domain tu„ 
employs two hybrid proteins one in which ,h. , """^ ° f "* P ' 0 ' ,en >'. » d 

~e. A compiete ki , Z " ^ Wi ' h " *~ * P " 

.o map protein domains involved ,.„ / . ft0ra Cl0 " ttch ™« c,„ also be extended 

crucial f„ r these interactions. ^ ' " W " » '° *«■*« «id -idues that are 

Compounds ,ha, interfere with the inferior, of , DNA encodin,. , NSJ . /, 

other intra- „ extracellular components can be tested ,s follows- us^ly IT ^ "'^ ^ 

*= NS4 po, yP e p ,ide ,„d , he i ntra . or c " """"'> ' ' m « Wred containing 

— - »*. of ,he ,w„ P ,;r : — ;;: — - f - • *» *-* - - 

ration is run in the absence and in ,„. „re< e T ""•"*"""' 10 bWi "S. me 

mixture « IT 777 f * eM ™ = P<«ceb. may be added to a third 

complex in the con.o, reac U II " " " ^ * «— « 

— z zz:^zr:::r ma> : ad " - - m - - ~ - - 

NS4po lyP ep tid ec a „belabe,ed s h 7 ^ ""'^ aPPropnate COnd ' tio - ^competitive inhibition assay. The 
can be identitied by numerous metnc* k „„w„ ,„ , hoS e of J m , he ' J fc —~ 

employed wherein ^adenylate* RNA is prepared fro"! ceZ „„ ^ " " 
library created from this IN. i. • 'esponstve to the NS4 polypeptide and a cDNA 
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responsive ,o the NS4 p„lypc plide . 

P.iypeptide. * N* p., wide ca „ u ^ f ~ " - — - -Posed to labeled NS4 

— *. * * . si,,^ ProKi „ k ,„ as , pi ji " " ■ 

^gmeuts, and subjected ,o protein micro . stque „ ci| , g ^ * ' P *" * M"* 

»ould be used ,„ fci8n , se , of > * ™° obtained from micro . „ q „ 

°" 80nUC ' eMde ""*« » — « «ONA ,ib^ ,„ id5nti „ ,„ e J 

amh " f « ""agonists, mammalian cel|s „ , _ 
be incubated with labeled NS4 polypeptide in the presence of therajdvlT '"^ >ara, ' 0n ex ' Ircss ' n 8 tne receptor would 
interaction could then belaid ^""^ ™* of.be compound 

>™^ p it:7%ZTZ rrr; inc,ude - *■ — - *« «— - 

antibodies and ,„ tib^t^ „I ^ **** — P.,, ,„d 

Alternative,,, . po, enlial ^ , ^ «« - -tad. .„d antibody fronts. 

3 Polypeptide. no effect, thereby competitively inhibiting the action of the NS4 

by hy„„di 2ing ,o „ rgeIe(i mRNA _ " ° NA « » block directly the transit of rnRNA 

binding of a „ Dm „ RNA « « ™ A - «KA. both of which methods „ based on 

which e„e*es the ma.re NS, poiypeptide, herein „ „ J, d " P ° ni0 " ««™«, 

» - « -se pairs , | eng , A DNA ol.onncleo, Z ^ Z d" T ^""^ ~~ 
-olved in ascription (lriplehelix . m ""'f '° fe ^ementary to , reglon „ f ^ 

Po IW ide -e^nseK^onuclcotide t^^T^ " " Pr0d " C " 0 " *« 
-olede into ,h. NS4 " '° » - «- Modts of th, mRNA 

can also be delivered to cells such tha, the antisense RNA or DNA ' 7 °" g,>nUCtaideS d "'"^ »»»ve 

e RNA or DNA may be expressed *, v,Vo ,„ inhibit prodwion „ f 
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m olec„ te ,p refer , bly50 , ob|c , ndsy „, bH K " ,0 ' Sma " W " des » "»<*-'*« 

« * ^ idiali0 „ „ , he comp ,1,^X7 ;r avase of rna 

Spec* Mbc^e cleavage ,„IT„ , " * 

Sep.ember 18, 1997). " CT P ' ,catlon No. WO 97/33551 (published 

These small molecules can be identified by any one or mor, nft u ' W 

» .s apprecia.ed rhat all ,he assay* pt<)vjded h . 
"oaciv, , gem , The , em ,, a „ di(lile ~ ' " te " Sed » — ' «** — W »f «id»„ 

e, U lva,e„ B as ased hminde s cribc s„ ymofau ;;;^;;7 daK age "'" " ~' " «— 
^™c,«o,ide, purine , nalog . „ c , o I j£* 7* °"™ide, »a„ ^ moto , e , p0 , ysaccta , e 

protein sequences. 54 ^""^ ""**■« both nucleic acid sequences and 

•» ™, - less than 500 d . ,„ 0 „ e e mbodimem , m ,„ " , ' " *" l20 °' " '«* - <«* 
'»0 » 200 d . candidate a s e„,s c„ mpris e J ! ." '7" """^ " — <- » teniae we ig „,„ f a bo u, 
30 particular, h y d,„ g en « g , J3:„ " J — » f « —ion „i,n proteins, 

„ leas, «. of tb , ^t^; £ " — <* or car b o» y , group , 

heterocyclic secures and/o, .rotnatic or „„, *" ">"""'" -*» - 

w ca„did,,e, S e„r, : r' 1 ;^ 5 s " bs,i,uKd wi,h - " ™» — 

35 peptides. s - sm «»«'l™'ogso,co mb i„a,io„s lb , re c.f. Particularly preferred are 
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In a prefer embodiment, the candidate bioactive agents are proteins Bv J, ■ ,' ! ^" nal08S - 
two covalently attached amino a HHc u -u • , % P ° te ' n herCln is meant at 'east 

« dfcr *. (R) orthe <S, o Z " " " Pr0li " e * ■* — may be in 

raiiy occurr, ng side chains are used, non-amino acid substituenNmnvh. ■ r 
I.H retard in vivo degradations. subst.tuents may be used, for example to prevent or 

I —« , i*:::;:r":'; ,he t bioac,ive **- - — - — „ f 

O bacterial, ^ viral , md _ ^ w] , „ ~ ^ ^ ~«"~ - »— - 

p " preferred. neroeing preferred, and human proteins being especially 

* Purred. ™. pepti " 7 ,n f ° " C,dS ^ Preft " ed - " d ta — ' » — » P»ie n ,ar,v 

omnium ol all or mosl of the possible combinations over the len.th of ,h. . 
library of ra „d„mi 2 ed candidate ^ ^ «1-ce, *. fomting a 

I" one embodiment, the | ibrMy is „,„„ 
pos.tton. I„ a preferred embodiment, the library is biased Tn.t Preferences » constant, at any 

™s,„t, or are selected from a limited JZl^^ZT^^'^''-^ 
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d-n-ins. ,he «. of cyste , neSi f „ 

Iodines for ph„spb.ry,„i„„ ste eK of ^ ^ , n ; ^ SH - «°™-, serines, , hreoni ^ or 

« preferred embodiment .he Candida,. bi o, CIlve 
oliionoeleotide-orgrammaticalequivaienrsherein mr , By » id " « 

«eie ae. of me presen, inven.ionl, Z "o ^ ^ " ^ * 

^nucieicacid^a^,^ 

(Bcancage „ r^„„ 4S W ,9 M ,J , 77 f » P^Phonunide 

pbospboro.bioa,, ( Ma 8 „ «. ^ , ^ ~ ^ 
Phosphorodiibioare (Briu „ „„ ^ ^ , ~ f ' ( ' 9 '". »« ^. P, ttm No . 

^Kin.O'WWerW^fc^. APraa ~' \ ^"^OPnoroarnidi.e linkage, (see 

o-); 3Ji , 66 c „, sson . J T:T Ed °* ~ m 

reference), Omer analog nucleic acids include „,„„ ■,„ ■ "* » re ™<"P-raled by 

^'« i K l .drowsbi«,„,^. c ;^7 (E 7r\ N : ^ - 

- 9 es - •> "ucieosiae & Nucleotide 3*1 5Q7 noo/iv r u 

- Ser, es 58 0, -Carbohydrare ModJficarjons in A „,is.„ se Resear ^^ ^ ^ 2 - * Symposium 
ffi « «/.. ^„,c * Cfem fa/ 4 w5 _ S "*' » °» Cook; Me sr „aeker 

Q 7e,„W,„„ ia£ 37.. 743 0996), and non-rir^ackbones LeT T "'"""'^ <"«); 
■»» 5,034,500, and Chapters 0 and 7 ASC S»T^ '' n U ^ N «' 5 ^<>« 

— », Ed. V,. Sanghui » d , Dan C.„k " ^ "««"<"<«» * 

within tnc de„„i,i„ n of nucleic a " . S " <™ — « * 

expressly incorporated by reference These modiflc- , u * » re "«<>y 

biological environment , n addi , io „ ™ T S ' abi '" y h, ' f * e " ^ m °'«"'« h 

Al.er.a.ively, mi„ U r,s „ f differen, nnc.eic " ! ^ — * 0™ be made. 

'0 »»^»a^m,d,rne„nc,eic,cidst y rsi T " ^"^ 0f —"^-^ -leic acids and 

:::::„:r s - — — — ~ 
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As described above ^enerallv fx- * • P2871R1 

In » preferred embodiment, as outlined above screen. m , v h. „ 
Kleins). ,„ a preferred embodiment the -one or ', 7 °° """ V """" ^ S "» P™*™ 

in one embodiment, screens are des, g „cd to firs, J" * " "** " *"* *"«• ^ 

'0 nta, be used in assays tha, evaiuate I ,b^ *" ~ "* » " — 

vea S e nt capable of modulating the activitv n f wci 
* a cand.date bioactive agent to a sample of NS4 and H - • """^ StCpS ° f addin 8 

lg "Modulating the activity of NS4" inc.udes an ' a ' terat, ° n " ^ bi °'° giCal ^ ^ NS4 

□ "reemng methods, as are ge„e rally „ u „ ined above " "** The "**•* I"** bo* »> 

|H expression, distribution, activny or amount of NS4 «* *— - «* P-e.ee, 

Methods of assessing ^ * — 1 -™ «d adipocytes. 

30 m a preferred embodimen the me^d '" " eS ™ l " ifie ' , W " " "* — 

In one aspect, the assays are evaluated in th 

s. pepfdes, a „t lgenS) cytok)neSj growth factore; ac{jon 
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potentials, pharmacological agents including chemotheraneut.es r^f 

disorders. Moreover a samp.e from a M - , 7 reXpreB, °" md,e « e 3 P r <« *>r obesity and related 



F. 



Anti-NS4 Antibodies 



The present invention further provides anti-NS4 antibody c 

humanized , „ _ g J~ n — ^ -w* 



W ] 



Polyclonal Antibodies 



*» NS4 pol ypepti* „, , flIsion protti „ , h(!reof " mJK,, ° nS ^ "««m may taclude 

Exampte of adjuvants whi ch mav J ' T **<*'<*•*. ,„d soybean ^ inhit , i[0 , 

« KM in «. an „,,„„„, undue rap e rime „,a lion ' ' ^ ' mn "' n ' Z ""°" * *— ■» 
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2 - Monoclonal Antibodies 



, such aspo ^ :„ ™ r fustd rth an 
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preyed «„ , ' ' " § ""^ ^ " » *C - HAT „,«,,„„, More 

* ,he h y b,ido ma ce„s is de Kmine d by i™ ^ '^^'"''-^P-odoced 

^ tamMy(R1A)orenzym ™2 "r;T ,p " ,,ion " * ■ * *• ^ «* - 

y enzyme Jinked immunoabsorbent assay (ELISA 1 ! t u- 
The monoclonal antibodies secretpH th 0 ,Li 

: ~d,_^ 

The monoclonal antibodies mav ako h P mB<1 u 

u s. p«, No . 4 , 816 , 567 . DNA JVl " reC ° mbi " m ' ° NA m " h *' ^ - *~ bribed in 

»«o g e„ese„codi„ g £■ * 7 ^ - capable „ f bi„d,„ g 

-e^.^d^eo ™ o 8 e 7 ™, ^ ri d„ m a c«„ s o f ,e tendon 

- ~ host «„ s ,1:1:™ :rr be p,aced in, ° ™ — - 

recombinanl hosl cells. The DNA also m,» k. - r . , ""motional antibodies in The 

^av y »nd l i gh ,eh,i„ c „„s,, mdo :;;: o t 7T: 

~a„.„iL^ 

ypepnde. ^^^on^munoglobnlinpo^.^^^^^^^^ 
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comb,„,„g S1K „ f an a„ Ilb . dy „ f me invention , o craM a chin|n . c b . va|mt «« 

in t TT" ma ? n ' onova ' en, " ,ibodies Me,hods for e "'" m " — -*»«- - 

Idr . k " °" C '" y0lve! recombinam Kpressi0 " iish. ch,,„ ,„d 

ch_„ k mg. A„,m a ,,e,y, ,h, cyM ,„ e resauK „ ^ wM anwher amim 

««c aeicicd so as to prevent crosslinking. 

«. *. methods are a,so suitabie for preparing monova|ent an , ib<jd . es of 
fronts thereof, particuiariy, F , b f ragrnenls , can be accomp „ shed roui|ne iKtaiques k _ ^ 

3 - Human and Humanized Antibodies 

- (Mdl , Fv , Fab , F .,, w or 0Ih „ antigen . binding es ^ « 

con, a ,„ „,,„,„,„ ^ de „.„ d from „ on . human immung8lobu|ln Hmmd > 
,mmuno g ,obu,i„s .recipient anlibody) h wh , h residocs ftom a _ 
recipient a re replaced by residues tam.nil.t,™ i. 

h , • , M "«"™> aCDRofanon-humanspec.es (donor antibody) such as mouse,™, or rabbit 

>r , e desrred specific,,,, affi „, ly , nd capaclly . ,„ _ fy 

■mmunogiobu ,„ « repiaced by correspond,, n o n . homa „ residue , Hun , M , ed 

.s.dues wh.eh are found neither in the recipien, .ntibod, nor in the imported CDR or f_ se,ue„cT 
genera, ,b, „um,„, 2 ed antibody, comprise substantia,* .„ „ f a , tasl on e, and W ica lly two. va„ab e donr.in^ 

subs,a„,,a,, y „, „f Ihe FR reg.ons are rbose of a human immu„„g,obu,i„ consensus sequence. The humanized 
n,,bod y op„ma„ v a ,so w„, comprise al ,eas. a portion of an immunogiobu,. constant re g i„„ (F c,, typ,ea„ y 1 

and Presta, Orr. Op. S,r«c Biol., 2:593-596 ( 1 992)]. ~ ^9(1988), 

Methods fo, humanizing non-numan antibodies are we,, known in the art. Oene ra „ y , , humanized an,ihod y 
» on, or more ammo acid residues indeed i„,o i, from a source which is non-hum,. These non-h™ ami 

— ^erred ,oas, m p.r,. residues, which are Wi c,„ y ,a k e„ from an "impo.. variab.e domT 

0988 J, b subsrmnmg rod.n, CDRs or CDR seouences for .he correspond™, se q uences of, hu~ 

isTa:trr manized " amibodiKarcchime * 

r c r,„r, h m,n van : domain has bMn subs,i,u,ed ty - ■ 

pecc . ,„ p „c„«, humane antibodies ar, W ica, ly human an.ibo^ies in which some CDR residues and poss,b, y 
some FR rcs,du,s are subsided by re sidu.s from anaiogous si.es in roden, antibodies 
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Human antibodies can also be nmHn^w ■ P287 1 R 1 

example, ,n U.S. Patent Nos. 5,545,807; 5 545 806" 5 569 89, < «c ^ " deSCnbed ' for 

Momson, W.368, 8,2-,3 (.994); Fishwi.d e, ^ M Bote h \ ^ »«™ ** «*-8S9 (.994); 
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4 - Bispecific AntihnH.^c 

»f bispecific ,„, ibodies h ^ „„ " ^"'""""y. -ombinan, producion 

*-»^*i„ shavedifreremspecmd ^ ; f ^ m "^*'^^-*i n / Ug b,.cb,i„pai„, whm 

: ! — — of i mmUTOg ,.b. „ CTIl T 0 983,1 — 

* - co.ec, moieeoie is U s ua „ ac com ^ Zl 7 

in WO 93/08829. published 13 M a y IB3 j^^t l steDS - Similar proce d ures are d isclose d 

a-**-***^^" ^ red :r ere '°' £ " oj ' i - o:3655 - 3659,,99 ' ) 

feed ,o mrmunoglobuBn consBn , , ai „ , "™7 SPK,,ki,ie5 <»'^-™%en combining sites) can be 

DNAs encoding ,be im„,„„og,„b u „, ^ * ^ ^ ~ * - - ~ o fd ,e fcsions. 

'™™o S ep a ra,e expression vee.ors a „ da „„ ,„ f ' * *' """"""i'*"" «gl» ch a ,„, are 

n.olec ul e S c a „bec„gi„ee r ed,„ m „i mi « t „ e ^ rana „ eof J7 n ' * ""^ 

— 1W preferred in.erface comprises a, L a ^ £^T? " ~~" ^ ~ «" 

™^-»-o-™^™i„„ a ci d si d ecb a i„sJm, hei I2.r f 

larger side chains (. s ^ „ r lry|(10ptan) - mB ° f *' ta «"*°* "«*™le are replaced wi,b 

Wphan). compensatory rf ^ ^ ^ ^ 
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chain(s) are created on the interface of the second antibody molecule by rep.acing large amino acid side chains with 
smaller ones (e.g. alanine or threonine). This provides a mechanism for increasing the yield of the heterodimer over 
other unwanted end-products such as homodimers. 

Bispecifk antibodies can be prepared as foil length antibodies or antibody fragments (e.g. F(ab'), bispecific 
anybodies). Techniques for generating bispecific antibodies from antibody fragments have been described in the 
hterature. For example, bispecific antibodies can be prepared can be prepared using chemical linkage. Brennan et 
Sce.ce 229:81 (1985) describe a procedure wherein intact antibodies are proteolytica.ly cleaved to generate 
F(ab') 2 fragments. These fragments are reduced in the presence of the dithiol comp.exing agent sodium arsenite to 
stab,hze venal dithiols and prevent intermodular disulfide formation. The Fab' fragments generated are then 
converted to thionitrobenzoate (TNB) derivatives. One of the Fab'-TNB derivatives is then reconverted to the 
Fab'-thiol by reduction with mercaptoethylamine and is mixed with an equimolar amount of the other Fab'-TNB 
Jg denvative to form the bispecific antibody. The bispecific antibodies produced can be used as agents for the se.ective 
immobilization of enzymes. 

Fab' fragments may be directly recovered from E coli and chemically coupled to form bispecific antibodies 
ah.«by et a,., J. Exp. Med. 175:2 1 7-225 (1 992) describe the production of a fully humanized bispecific antibody 
F(ab') 2 molecule. Each Fab' fragment was separately secreted from E. colt and subjected to directed chemical 
couphng /„ vitro to form the bispecific antibody. The bispecific antibody thus formed was able to bind to cells 
overexpres S1 ng the ErbB2 receptor and normal human T cells, as well as trigger the lytic activity of human cytotoxic 
lymphocytes against human breast tumor targets. 

Various technique for making and isolating bispecific antibody fragments directly from recombinant cell 
culture have also been described. For example, bispecific antibodies have been produced using leucine zippers 
Kostelny et a,., J. Immunol. 248(5):. 547- 1553 (1992). The leucine zipper peptides from the Fos and Jun proteins 
were hnked to the Fab' portions of two different antibodies by gene fusion. The antibody homodimers were reduced 
at the hmge region to form monomers and then re-oxidized to form the antibody heterodimers. This method can a.so 
be utmzed for the production of antibody homodimers. The "diabody" technology described by Hollinger et al Proc 
Na„. Acad. Sc, USA 90:6444-6448 (1993) has provided an alternative mechanism for making bispecific aniibody 
fragments. The fragments comprise a heavy-chain variable domain (V H ) connected to a light-chain variable domain 
(VJ by a hnker which is too short to allow pairing between the two domains on the same chain. Accordingly the 
V H and V L domains of one fragment are forced to pair with the commentary V L and V H domains of another 
fragment, thereby forming two antigen-binding sites. Another strategy for making bispecific antibody fragments by 
the use of single-chain Fv (sFv) dimers has also been reported. See, Gruber „ */., J. Immunol. 152 5368 ( 1 994) 
Anybodies with more than two valencies are contemplated. For examp.e, trispecific antibodies can be prepared. Tutt 
et al, J. Immunol j£7:60 ( 1 99 1 ). 

Exemplary bispecific antibodies may bind to two different epitopes on a given NS4 polypeptide herein 
Alternatively, an an«i-NS4 polypeptide arm may be combined with an arm which binds to a triggering molecu.e on 
a leukocyte such as a T-cel. receptor molecule (*.* CD2, CD3, CD28, or B7), or Fc receptors for FgG (FcyR) such 
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as FcyRI (CD64), FcyRII (CD32) and FcyRIll (CD 16) so as to focus cellular defense mechanisms to the cell 
expressing the particular NS4 polypeptide. Bispeciflc antibodies may also be used to localize cytotoxic agents to cells 
which express a particular NS4 polypeptide. These antibodies possess a NS4-binding arm and an arm which binds 
a cytotoxic agent or a radionuclide chelator, such as EOTUBE, DPTA, DOTA, or TETA. Another bispecific antibody 
of interest binds the NS4 polypeptide and further binds tissue factor (TF). 

5. Heteroconjugate Antibodies 

Heteroconjugate antibodies are also within the scope of the present invention. Heteroconjugate antibodies 
are composed of two covalently joined antibodies. Such antibodies have, for example, been proposed to target 
immune system cells to unwanted cells [U.S. Patent No. 4,676,980], and for treatment of HIV infection [WO 
91/00360; WO 92/200373; EP 03089]. It is contemplated that the antibodies may be prepared in vitro using known 
methods in synthetic protein chemistry, including those involving crosslinking agents. For example, immunotoxins 
may be constructed using a disulfide exchange reaction or by forming a thioether bond. Examples of suitable reagents 
for this purpose include iminothiolate and methyl-4-mercaptobutyrimidate and those disclosed, for example, in U.S. 
Patent No. 4,676,980. 

6. Effector Function Engineering 

It may be desirable to modify the antibody of the invention with respect to effector function, so as to 
enhance, e.g., the effectiveness of the antibody in treating cancer. For example, cysteine residue(s) may be introduced 
into the Fc region, thereby allowing interchain disulfide bond formation in this region. The homodimeric antibody 
thus generated may have improved internalization capability and/or increased complement-mediated cell killing and 
antibody-dependent cellular cytotoxicity (ADCC). See Caron et ai,J. Exp Med, 176: 1 191-1 195 (1992) and Shopes, 
J. Immunol., 148 : 2918-2922 (1992). Homodimeric antibodies with enhanced anti-tumor activity may also be 
prepared using heterobifunctional cross-linkers as described in Wolff et al, Cancer Research^ 53: 2560-2565 (1993). 
Alternatively, an antibody can be engineered that has dual Fc regions and may thereby have enhanced complement 
lysis and ADCC capabilities. See Stevenson et al, Anti-Cancer Drug Design, 3: 219-230 (1989). 



7. Immunoconjugates 

The invention also pertains to immunoconjugates comprising an antibody conjugated to a cytotoxic agent 
such as a chemotherapeutic agent, toxin {e.g., an enzymatically active toxin of bacterial, fungal, plant, or animal 
origin, or fragments thereof), or a radioactive isotope (i.e., a radioconjugate). 

Chemotherapeutic agents useful in the generation of such immunoconjugates have been described above. 
Enzymatically active toxins and fragments thereof that can be used include diphtheria A chain, nonbinding active 
fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa), ricin A chain, abrin A chain, 
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modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPI, 
PAPI1, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin, 
restrictocin, phenomycin, enomycin, and the tricothecenes. A variety of radionuclides are available for the production 
of radioconjugated antibodies. Examples include 2,2 Bi, I31 I 5 ,31 ln, 90 Y, and 186 Re. 

Conjugates of the antibody and cytotoxic agent are made using a variety of bifunctional protein-coupling 
agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP), iminothiolane (IT), bifunctional derivatives 
of imidoesters (such as dimethyl adipimidate HCL), active esters (such as disuccinimidy! suberate), aldehydes (such 
as glutaraldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives 
(such as bis-^-diazoniumbenzoyO-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active 
fluorine compounds (such as 1 ,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared 
as described in Vitetta et aL, Science, 238: 1098 (1987). Carbon- 14-labeled l-isothiocyanatobenzyl-3- 
methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of 
radionucleotide to the antibody. See W094/1 1026. 

In another embodiment, the antibody may be conjugated to a "receptor" (such streptavidin) for utilization 
in rumor pretargeting wherein the antibody-receptor conjugate is administered to the patient, followed by removal 
of unbound conjugate from the circulation using a clearing agent and then administration of a "ligand" (e.g., avidin) 
that is conjugated to a cytotoxic agent (e.g., a radionucleotide). 

8. Immunoliposomes 

The antibodies disclosed herein may also be formulated as immunoliposomes. Liposomes containing the 
antibody are prepared by methods known in the art, such as described in Epstein et al, Proc. Natl Acad. Scl USA 
82: 3688 (1985); Hwang et ai, Proc. Natl Acad. Sci. USA 77: 4030 (1980); and U.S. Pat. Nos. 4,485,045 and 
4,544,545. Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. 

Particularly useful liposomes can be generated by the reverse-phase evaporation method with a lipid 
composition comprising phosphatidylcholine, cholesterol, and PEG-derivatized phosphatidylethanolamine (PEG-PE). 
Liposomes are extruded through filters of defined pore size to yield liposomes with the desired diameter. Fab' 
fragments of the antibody of the present invention can be conjugated to the liposomes as described in Martin et ai, 
J. Biol. Chem. 257 : 286-288 (1982) via a disulfide-interchange reaction. A chemotherapeutic agent (such as 
Doxorubicin) is optionally contained within the liposome. See Gabizon et al, J. National Cancer Inst. 82(19): 1484 
(1989). 

9. Pharmaceutical Compositions of Antibodies 

Antibodies specifically binding a NS4 polypeptide identified herein, as well as other molecules identified 
by the screening assays disclosed hereinbefore, can be administered for the treatment of various disorders in the form 
of pharmaceutical compositions. 
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If the NS4 polypeptide is intracellular and whole antibodies are used as inhibitors, internalizing antibodies 
are preferred. However, lipofections or liposomes can also be used to deliver the antibody, or an antibody fragment, 
into cells. Where antibody fragments are used, the smallest inhibitory fragment that specifically binds to the binding 
domain of the target protein is preferred. For example, based upon the variable-region sequences of an antibody, 
peptide molecules can be designed that retain the ability to bind the target protein sequence. Such peptides can be 
synthesized chemically and/or produced by recombinant DNA technology. See, e.g., Marasco et a/., Proc. Natl. 
Acad. Sci. USA, 90: 7889-7893 (1993). The formulation herein may also contain more than one active compound 
as necessary for the particular indication being treated, preferably those with complementary activities that do not 
adversely affect each other. Alternatively, or in addition, the composition may comprise an agent that enhances its 
function, such as, for example, a cytotoxic agent, cytokine, chemotherapeutic agent, or growth-inhibitory agent. Such 
molecules are suitably present in combination in amounts that are effective for the purpose intended. 

The active ingredients may also be entrapped in microcapsules prepared, for example, by coacervation 
techniques or by interfacial polymerization, for example, hydroxymethylcellulose or gelatin-microcapsules and poly- 
(methylmethacylate) microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes, albumin 
microspheres, microemulsions, nano-particles, and nanocapsules) or in macroemulsions. Such techniques are 
disclosed in Remington's Pharmaceutical Sciences, supra. 

The formulations to be used for in vivo administration must be sterile. This is readily accomplished by 
filtration through sterile filtration membranes. 

Sustained-release preparations may be prepared. Suitable examples of sustained-release preparations include 
semipermeable matrices of solid hydrophobic polymers containing the antibody, which matrices are in the form of 
shaped articles, e.g., films, or microcapsules. Examples of sustained-release matrices include polyesters, hydrogels 
(for example, poly(2-hydroxyethyI-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773.919), 
copolymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic 
acid-glycolic acid copolymers such as the LUPRON DEPOT™ (injectable microspheres composed of lactic acid- 
glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as 
ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for over 100 days, certain hydrogels 
release proteins for shorter time periods. When encapsulated antibodies remain in the body for a long time, they may 
denature or aggregate as a result of exposure to moisture at 37°C, resulting in a loss of biological activity and possible 
changes in immunogenicity. Rational strategies can be devised for stabilization depending on the mechanism 
involved. For example, if the aggregation mechanism is discovered to be intermolecular S-S bond formation through 
thio-disulfide interchange, stabilization may be achieved by modifying sulfhydryl residues, lyophilizing from acidic 
solutions, controlling moisture content, using appropriate additives, and developing specific polymer matrix 
compositions. 

G. Generalized Uses for anti-NS4 Antibodies 

The anti-NS4 antibodies of the invention have various utilities. For example, anti-NS4 antibodies may be 
used in diagnostic assays for NS4, e.g., detecting its expression in specific cells, tissues, or serum. Various diagnostic 



70 



10 



m 

t'8 s 



-^rrrrrr.--— 

— rr~ :rr -crrrrr 

art for conjugating the antibody to the detectable m«- h u * kn0wa ! " £he 

Hunter „ Natwe I44 -945 0 962, D H 7^ emP '° yed ' """"i"* ^ m£th ° dS by 

mure, _I44.945 (1962); Dav.de/ a/., Biochemist ry 131014 H 974V p - / r 
40:219 (1981); and Nyren V Hittnrh r , i£- '014 (1 974), Pain e/ a/., J. Immunol. Meth., 

* ,u,N y=> ren > •/ Histochem. Cytochem., 30:407 (1982). 

Anti-NS4 antibodies also are useful for the affinity purification nfMc f 
natura, source, ,„ this process, the antibodies against NS4 d CU ' tUre * 

-in or fi.ter paper, using ^ we „ ^ ^ ^™ '™ d °" * ^port, such a Sephadex 

containing the NS4 to be purified and th T " « With a 

— , y ^ m j:^z:z^ p :: w r with a su,tab,e s ° ,vent - ~ 

^^.hanothersuitaJ 

o, h e Pr es e :::ei;:i~ 



H - Trangenic animak 



25 



30 



35 



Nucleic acids which encode novel human NS4 or analogous NS4 from oth 
canbeusedtogeneratee^e^^ 

and screening of therapeutically useful reacts A t ' "* * "* deVe '° pment 
an embryonic s„ge. A iransgen. is a DNA which is i„,e g r»,ed imo the '"'"'7' <"™»'. . 

— , n „ ne en , bodimenli murine cDna ; 2 - * «— <*• — which , mnsgen , 

* „ ima , s , n „ ^ „ lls wh , h ews DNA 7- - 2 , :::: t" s u * d '™ 

particularly animals such as mice haver,.™, • genemmg transgenic animals, 

i,a /u,U09. Typ 1C ally, particular cells would be targeted for rr a ne„ 
specific enhancers, which could resuh i„ product of NS4 Trans a "^""°'^ m '^oration w»h hssue- 
encoding inched ,„,„ , he , erm , im „, me , ° ' *" " C ° W °' ' 

leased e»pr«sio„ of DNA ill I s ' " " ^ ^ " " " * "*« » f 

pro.eci.n f, om weigh, rela.ed ^2 s 7 " " """"" «* ^ » «"* 

invemion, ,„ animal is h " """" — "» * of .he 

-manVely, *e „„,huma„ h.mologues of NS4 can he used ,„ c„„ !M a W ^ ^ 



71 



10 



15 



207 



25 



30 



35 



a blastocyst of an animal < ej , a mouse) .„ . , ^"^"'m The selected e e„s „ , hcn injecKd 

"""^ ™A. Knockout ,„i m „ s c „ te telerize(| fof " " IIS <* "* <°™» «« l-o,„ g ou s , y 

c.o m o S o°;:; n ;t :r:::::: ::; crea,i ™ ° f ~ — : — - - — — 

VACs mav h. d YAC VK '« a ™» "ace™ 

""J 1 <* "ed ui combination with eene ta re ,«i„., ., 
animal ge „om.. An advance of™ vac h , ° f loci for insertion i„, 0 lhe no „ 

cel.. before, tne use of VAC c io „ e« " " "** ^ * *> ' - 

A further adv,„,a 6 e „ ta se ^ * 

the creation of „ um ,„ „ BbolJie! . . nucle,c »' d «■» ">™als, such as occurs for 

facsimile reproduction ofte J^T* -—sappro.cn. The -minims approach" is directed to 
^.~.«.^t£l7 rr <SKh " ta -~0 .hr„u g h i„c,us,„„ of 

V2,,367, 5.7KUI5 BBe ™„«, and U S P 5 « ™' r-! " ^ ^ " S P « l2 . 2 ° 5 . 



72 



10 



25 



30 



35 



WO 94/00569, WO 94*5585, WO 96/14436 WO «/r.„ „o P28 " RI 
JS* 6453-6465 ( , W) , ^ ^ 2 «— J: ,,9,3,, Traill0 „ „ a , , 

«"« Fishwiid « „„,„„, Stoec( , „ : 84J " 5| (( >*»• T " a *» ./. j« : 6453.6465 

- - EP 0 843 961 A I. Because «* Z^^T * - - « — * European 

— H »h,„ . parried tacus ^ J' ^ " ~-P^a *,™„ am „ mofgenetie 

- ,„ d mei0 „ cal , y „ ns „ b ,:. F ;:r: tn mk,M> fa ™ is *- - — ~ s 

«n Ktamosomes encod ,, g humm or • • -™ _ ^ fmmm<)giobu|jn ^ 

l0M w " 11 a ^"ency approaching 80%. 

„ « *U ^^^^^ 

' ftaSm ™ B -bodies Wed rhere.gains, J T "" refr0m ' '"""^ 

1 While each of ,„ e 0S es desc •„ d „ , Cachexia *»rexia. 

i re ^ i »o*»^« ws ,ic,„d, hm ciicrj,iT e !Tr" iy ,o body weish ' ■•• *>»»'« b= 

' «* « ** we,„L r de~r; - * " - « « o-her 

hypenphagia, diabe.es meiiirus, ,„,„„„ resisla „ M h ' '""^ '""^ ab »°™' 

S«h nse, include, for sample- ,„ „ C " OT - a "« ^on.ry hear, disease. 

PoWide (4). More specific,,,, such uses on ^ ""^ NS " ™ A « «*% of NS4 

«»-dis,ased„ wismstavingg5nM ^ fcj^^-^^-""^.*-.** 

W y »e, g h, disorders. " or ,he suscepnMi* reward such 

The melhods described herein mav be 
-prising a, ,e,s, one specific NS4 nuCeic aci"^ 7* " 

«» »o diagnose individuais „hih„i„g b„d y wej dtrd' T ^ ta « - 



73 



10 



15 



2C 



25 



30 



35 



In the detection of NS4 mutants, any nucleated cell from th ■ „■ ■ 
for genomic nuc.eic acid. In the detection of NS4 ex qUeS,, ° n * * S 3 «« 

expressed may be utilized, such as for examo.e r "* " *"* * ^ the NS4 ™A » 

W DeKciionofNS4 nucleic acid 
Mutations or polymorphisms within the NS4 DMA „,„ i. „ 
«id from any nucleate „„ e „ ^ ^ starting r ''" < " ,gh " ^ """^ >«* 

Genomic DNA „,v be , „ u l '° ° f Ski " ln *« ■"• 

•"normalities involving NS4 " "~" ^ " bbl08 " al -* » — 

Such assays m, yindl , d rr:„r , """" ""'"^ "'^ - *«-— 

polymorphism a„„ys=s , S S CP ), and PCR maly J, ""' S °""'"" 5 ''"S le *""•«<« conformation 

Diagnostic method, f„, , he toectiw, „f NS4 gerie . m , , f . 

« inciting „ uc , eic „ ids ^ ^ « can f or „,„,„,„, 

source with one or more „be,ed nneleic aeid re,„ 1 T T °' 

-ants thereof, under c^Z^^Z TT" ^ ^ ^ ~ " 

I.* "heme, the nucleic acid from the e, 2 " *— 1 "*« s «» • 

^"»°a,i„„,„„,a n „,,, ed ,l M ^^^^^^ 

annealed, labeled NS4 nucleic acid reagelts ls !„„ TTT " 

a-- The ag "" S " """"•"^ technics we„- t „„w„ ,„ ,h os e i„ , he 

^^■r^rrrrr^-^— ------- 

2:2«.255)(|096 ) . • enech, P <**. Crontn, «,„,., Human Mulmlan 

A„. m „ ive diagnoslic me , hods for ^ 

-pies or other , ppropri a,e «l, sources, may invo , ve lhe , , " r "* """""'^ 

-bod™, se, forth in U.S. P, tt „, No , 683 ^ " ... »y PCR „be e^rimen,,, 

•cchnioues we,, known ,„ th.s, of sKil, ,„ ,h e an' Teh f "** " "" "** 



74 



P2871RI 



10 

□ 

"z'kz 

CO 

8 

pa 



U! 

2% 

!"1 



25 



30 



35 



Primers for the amplification of NS4 exonr— *~ k~ . *• . ^ . 

^-^-^^^rrrr^rc1r"r- ,l, 

acid sequences which are nr ,w ^ r i_ ' " d 1C Add "'onal NS4 nucleic 

length polymorphs in blocks of (dCdA.r. ,„ ' „ " 5,075,2 7 describes a DNA marker based „„ 
(dG.dT,„ b.ocks - es.ima.cd ,o b x I „ ZZ M 7 T ^ ^ 

cc- m her lt a„ce, and are ex.reme, „ 22 T7 r " " ' ^ 

DNA, and labelling the repeat seauen, P c t r 8 ' ampl, ^ n S me e ^acted 

g repeat sequences to form a genotypic map of the individual's DNA 

An NS4 probe could additionally be used to directly identify RFLPs Further ™ u 
or pJasmids. ' Cs ' PACs ' cos mids, phage, 

The DNA contained in these clones can be screened for ci„eL> k 
hybrids™ or pr «ed u res. V. ,eve, 7^2 ^ " ^ 

- • cen * or ti ss u e k™, ^^T" ^ ^ 



75 



10 



J 5 ;; 

ill 



it 

i ii 

Q 



8cn e ,he rap) ,,« hniqlle<>ra| P287IR, 

-«s - reve a , « qmMi , aIiw 1 ^ ^ » - ~ N* 8 e„e. Sncb 

««.iv„,.„ o, ir,, cl i vadon of NS4 gem exprasio(i ° f * e O" P-Kern of a. N« gene, i„c,„d„, g 

In one embodimem of such a derecion scheme a cDNA mnl , • 

*,d re aS e„,s usc d „ ' ■ PCR «p., fia «,„, reaction, or „ e „. te The 

"^^^^^^^^^"^^-^^ 

™e preferred .e ngt h s „f such nucleic «"« described herein. 

«^^P-»c,,„e„„e l eic,eid Mp ,i fic a I ^ ~ " ^« >* *«. fc 

n-ecide, A „ en , Kively , e „ oug „ — -radios iabe.ed 

As an aterra.i.e ,„ ampiifica,i„„ ,=c„ " ""'"^ me,h ° d 

Addi,i„„„, y , i, is possib|e „ ^ \^ «"» "PP"Pria,e ce„s car. be 0 b,ai„ed. 

— » N U c,eieacid rea8 ,r, BS „eb, s ,JeZr^ 7 " ~ ^ ^ ~ »e,d p U rinea„o„ is 
* Procedures (see, for e, a mp,e, Nuovo , 0 ta - - P*« for such ,„ 

Raven Press, NY), '" ' " S "° " : " >ridiz! " i »» ^locols „d A pp lic a , io r,s", 



25 



30 



35 



0> °«M:onofNS4,,e„e l , roducl , 

'-'ofNS^ee^ionorofrCep S -"-»'— 
»"~"oc a ,i„ n o fN s 4g ^ 

herein „„., for ex.rnpie, irr,^, „ ., ' '""^ ""' merhods describe 

m ay be used ■„ screen po,e„,i a , ly therapeu||e ' ! ^ " "'^ SK " « *">» **"l«d 
expression and NS4 g e„e producl ^^T" '~ * - » •* effec.s on NS4 g e„e 

- « *-» caehcia, and anoLa, ^h!^^" ^' ^ eff "' S " ^ d ^ 

* - ™n, m .as says ma „ also h ' " d ' ,heraPe " fa " y *- 

-> - - * ,o de,e™i„e, for L^ZZT2l T™****'**"*'-**-. 

— ^ce,,, y sa,esore«, Su cba„., ys is., la ^^^ 

76 



P2871RJ 



35 



y. o test .he effect of compounds on the expression of the NS4 gene 
Preferred diagnostic methods for the detection of n<m „ , ' 

fragments thereof, may i„vo.ve forexamo.e " " " ° r ^ tide 

"ivoive, Tor example, immunoassays wherein the n<m ^ 

for example, antibodies, or fragment* of * n tiu„A- , 

, uagmenis or antibodies, such as thrwp H PC rnk a ^ u 

p quantitatively or qualitative* detect the presence of NS4 sene 'rod , * * » 

5 a p,„ ml , » d applyin< . lhere[0 , |abe *~7 7" * ~-*** * » "™<>%iea, 

■ : _ „ , P ;: ; «^rr^:^~ Th r ,ibody 

Through the use of such a procedure it is possible to det • g,C3 ' ^P' 6 ' 

possible to determine not only the Dresenre nf th» xrci 
J. conserved variants or peptide fragments h„t „i A - u 4 Se " e product - 

antibody. i«,wniy labeled NS4 gene product specific 

The solid phase support may then be washed with »ho u «* 

Solid phase support or carrier" means any support capable of hinH" 

y upport capable of binding an ant.gen or an antibody. Well- 



77 



10 



l S3 



2Q,, 



25 



30 



35 



known supports or carriers include glass Dolvstvrpn. , P28?1R1 
possible stntcnna, config „„„. 0 „ jo ' " «™ ™, -PP.-, m»eri a l m.y „ ave vimm| , y 

^*-r— w.^,, ^ph.rrraT; scap eof ' ,indi^g,oana "' ise ""»^ 
. ^ *e ^ !urface of , f0d l m „ " ^ « C1 " in * iC "' « <" - -race „ f , « , ubc , 
supports include p„,y st y rene ^ ™ * * ^ ~> * <* - - ■ sheet, tes, s,ip, Pnfmtd 

One method tor te^My , sbeljn „ an NS4 o " eXpe "™«»» 

W*)n,D«, g „„, leHortlm2 . ,., Micobioiol,, / The Enzyme Linked Immunosorbent Assay 

Voirer, A. «,„,,, ^ ^ 5 ^ 0 " ^ 

Kg* Sholn, Tokyo (mtx ^ . ( " 8 °»- ,Sh ' k ™. ' »<"- <•«,). ^.^^^ 

P^b.y , odontogenic substrate Zl^ " ~ » ~» «*«. 

-mple, .V specophotometric, L^" " ^ ^ ~ " ^ " 

amibody include, bu, are no, iimit.d to malar. d,L " '° """^ '*= 
a,co„o, dehydrogenase 

^,d.se,a,ka, l nepb spb, B se ~r; e ' ~ »— * norseradish 

™- compart of , ne m „ Brecon may „„ be aK omp, islMd by 

Detection m„ also be accomplished using ^Z7?'"*° , **«~ 1 ~" 

""■—Velylabebng, be antibodies . r antibody tHgm J, 17 °7"" r — — *>r "ample, by 

Seventh Training Course on Radi„,ig and Assay T _ 7""" °' R *"°"™™»ass.y s , 

isotope can be detected by such mean, „.,,,. 1 The 

radioactive 

-^""Posedtoiighroftbeproperw.,.,' ," the ftuorescenrly l.be.ed 

'"-•^nrmonlyu^uorej^^^ 

Pn.ocyan, allophycoeyanin, .^J^^t^T* 

de,e„„,„ed by detecrmg „e presence of luminescence ,h a , a , is e s 
78 
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~sszssss^zl 

«* presence of luminescence ,„,„,„„,, „• , b,ol„ m ,„ e scen, protein i, denied by „ 

and ae,„. ri „. ^ b ' 0lUm,neSCem "" WdS «* -1— - U%K Mta. 

interaction of an NS4 oene oroduct Wth ■ P ' C ° mpounds that '"terfere with the 

° Pr ° dUCt W ' th P rote,ns and compounds that modulate the activity of th P ^ 
(i.e., modulate the level of m<m „ - activity or the NS4 gene 

uiatetne level ofNS4 gene expresston and/or modulate the level of NS4o.n„ a 
•TO«« 8 .,PI,M« :cfe„ 269 28 558 28562 nooa- , "I-""* (**r , promoter 

- *. « ^ u ,„e , he le v,u^ s ~:r: ? in ~ hcrei - * rrf — * 

.o. — ^ mol « ule5 , such . _ that ar ; — ^-^^^^ 

appropriate ce„ and affect expression of _ , *' b """>->>™ » »»<"« mry i nIO a „ 

pathway, „ r prK lr n " — — «» I" - body ., g , re8u „,^ 

of NS4 gen, «pres»io„ and/ „ NS4 f ' . t am °" 8 *~ « ™»P°™«s that affec, tbe ,. vel 

mad, of D- and/or L- contain ^ ' ^ Cmbi "*° ha ' *™*»>-*Hved molecu,*. ,i bnlry 

antibodies (ine.uding, bu, „„„imi,ed ,„ o„L, , ' * " ^ " K7 -™ (l993 >- 

-bodies, and FAb FW) , J^ZIT"* h " M " iZed ' M ''- idiOW,C ' Chime * " ** 
organic o, inorganic ^ «■*<»**• thereof), and ™„ 

or anorel "* ~ «"*• «h - obesi*, cached 

,„ , "" """ rOSC " e ""^ A "-yf<" ( :o».pou m l s ,l a Bind,oNS4 g e n e prml , a 
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T*e P ™,c,p fe of*. ^ used ,„ ^ con] P . 

-/r~ir om ° ■ so,id sw>n ' and * - ~ - « - - 

2Q„ , anchored on the solid surface can detection of complexes 

IU 6 Can be accomplished in a number of ways Where tho nm ■ . 

uicu on tne surface, e.g., using a labe ed antibody snecifir fnr tho • . 
the possible ccmp,ex to detect anchored comp.exes. " C ° mP ° nent ° f 
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(b) Assays for Proteins that Interact mth the NS4 Gene Product 
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or a protein that interacts with the NS4 eenr nmH..^ ~ u 

Principles," W.H. Freeman & Co., N.Y. pp 34A ,nL ' f ' ^ M.fccuta, 

S Screens may bs ttcomplis „ ed , fo , ^ by „ ™^™^ ^ 

gene^ofCi^^en,^^^^^,,,^, " ^ ^ 

0 wiiniabe^^genep^ m Z uZ "* »~ '*»*s 

1 <n j, for ,l«:„ :„ ° :r ,ha ' y ^ ; ™ * * — * —j 

I Briefly, Sllch . sysltm ^ ' " " """"""»">• '™"»* f ™ Clomech (P„„ A„„, CA>. 

! transcription activator protein's activation d ■ , 7 ^ * e ° ther ™ * 

«*A ii^ are roan^ io.o . stra i„ of , ne y „ s , aJLJ^^t^*""" - 

cannot activate transcrintion of tho * , "«iuin to site, hither hybrid protein alone 

pro« ins ~:r tt" may h used ,o — *- *- - 

prodn cls may „e n Kd , h ai "T** % " " " * ^ " NS4 8 e„e 

- .civaJJal S ^ ^ " cDNA « are tad to , he DNA e„co.i„ B 
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transcriptional activation domain of G A f A .^h * ru 

sequence. 8 by 3 pr0moter that stains GAL4 activation 

H.S3 « be a,,™™ h dr ' Ve ~ ° f ' he HB3 8Me c *"'« *- 
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Q Product and the binding partner under conditions h f m ' XtUre *" ™ 4 ^ 

The formation of a complex in the com™. - u " g P3rtner ,S then detecte <*. 

Addi,i„„,„ y , comp , e) , formation wi , hin J ° f *« N * *«« !-»*.« .he binding „,„„„. 

0 produc, „, y aiso be c„ mpar ed ,„ eo„,p JZa C0 """ n ' nS "" ^ ™' ™ •"» 

NS4 g e„, produc This com ~*" """^ C <"" a " , "' S * « - . 
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i ■ mierrere with the interaction between the „»„ 

b-ndmg partners, e.g., by competition, can be identified bv en H ■ u P ^ ^ 

substance; ,e„ by adding the test substance t , § reaCti ° n ° f the «« 

e,co m p 0undswith , gher , nding J^ 

described briefly below. *orrn_. The vancus fonr.atG are 

In a heterogeneous assay system either thp k<za „ 

plates are conveniently utilized The a „,i, nr(v) indirectly. In practice, microtiter 

* Produce or binding pm , and dryjng A , KrM ,. , v . ' ' *' ^ ""' h « »'""»" <* «* NS4 gene 
IS If order ,o condnc, the assay , he ™T T ^ 

Vl' »d ,„ y comp.exes formed*!,, .JZ^TT """^ ~" « -~ *— M 

m detection of label immobilized on the surface ' h' "»»-™mob,hzed species is pre-labeled, the 

* species is no, preyed, an „I il l t I ~" ^ * -*-*«- 

g -danti^spe^tbe,::, TJ^ZLT^rr"^^ 

h -directly labeled with a labeled «,„.,. ,„,ibo dv , r* „ * '" "» " e di ™<">* . 

'"mobilized antibody specie T h "" reaC ' ed C °""' 0nOT5 - *—* 

additlon of reacnts ,„ lhe ,i quid pnase ' c Kh< "* d """"^ *P»*ng«pon theorderof 

complexes can be Identic. *" ™* f °™«» - - *-p. Preformed 

J In an alternate embodiment of the invention a hn m ™ 

preformed complex of the NS4 gene product and lhe tol^rre Mnd»Mnm" y " ~ ^ " 

gene product or „s binding mr5 ls , abelrt . , t . b """ n8 m " » <*l™> » »*«* «"er the NS4 

^^<^"T;^rr,x , rr: , ' ,b, * , ' ,, ~ w,ta " 

3 5 =z:=:;r — - — — — ™ ~ : 



or 



test 
using an 
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anoiher embodimen, of *e inven.ion, „ese same K£h „ iql , es c „„ „ e 
pracced ,„ ,„e „ _ te u , d ,„ idtmify Md ^ , he ^ ^ ^ «-* 

•o, „r ,„ e gwe encodiog one of , he prMeins ^ scfKning for d ^ 

be „ ec.ed. s.o„e„ce ,„a ly s,s of*, g .„es e„codin g ,„ e respective protei „ s „,„ ^ 
-rrespond , ,e g ,„ pr0Mi „ jnvo|ved „ bjnding a om o - 

». so„d surface using merhods de „ r|bed in , his ^ ^ aibwed m 

«,„ g paitt ,er w hie„ has bee „ Med w „ h a proieolytic enzyme socb >s After w ashing , . sh „ n la Z 

„ e„mpr,s,„ g * ,, di „ g dom „„ m , y remain Ksocjated ^ ^ so]u ^ 

S "! 7 ,n0 — ' Ak °' — «" ~ *• * « S "»n,s is en gi neered ,„ , xp ress „ 

J fragments of ,„e p M ein, „ can lhm f<)r binding ^ ^ ^ _ P P=»- 

■ 0 Forex a m pl e, „„ d not by way of „ NM ^ ^ ^ ^ 

bead, T„eb,nd,„ g „,„„„ can te , abeled wi , h . ^ „ * 

™:r in c, ™*™-----o ™ .-.^j^ 

r K Pe '" idB - l,be ' ed b °"" d ma,erial - "<™^ «" "nam, ^ner bindin, 

, can be produced s y n,„e,ica,, y or produced usi„ g recombinan, DNA iechnoiogv. "".tanfe, 

Weight Disorders 

Compound, iocludin, bu, „„, iinri.ed ,„ binding compouud, id .„, i(i e d via assay ,« hn , qlles s „ h „ 
e„,b ed pr,W„ u s, y e„b, t es l ed fo r, h eabi,i^o,rea, sym p,o ms „f 
■he . ss a ys de s cr,bed here^ can iden.if, co m po u „ ds , tat affect NS4 by ^ ^ 

ano b,r SKp , n lhe ^ in which , he Ns< „ ^ m4 ^ ^ « 

»ep wh,ch ,s enbe, »„p fi „d» or "dowofieid" of ,he s,ep i„ ». pathlvay me< , ialed by , be N$4 ^ . 

m a y ,b y a l fec 1 i„ g , h , ssar nep athway , m o d „, at , th ee ff ee,of NS4 o„,bedeve 1 opr„I t ofb^^^ 
compounds can be used as par, of a ,„„ a p.„ tic me ,bod for ,„. rrea.men, of ,he disorder 

exbib , Dt T" CC """ a " d a " d ™" aSS » yS f " ' te " c»-PO»"ds 

» , n 8 sucb an ab,,,,, ,o .meiiora.e s y mp,oms of bod y „ei g b, disorders. Pirs,, ce,,-b.sed s ysl .ms c a „ be us. 

for exampie, «comb,„a„ t or „„„-,ec„ m bina„, e.„, such .s ceil ,i„es, ,b„ express ,be NS4 .J 

in u,i„ ztag sucb cei, s.s.em,, c,„s *. expres, NS 4 may be exp^ed ,o . compound susceced of exhibi,i„ g 
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alterations in the expression of the NS4 g ene ' K • * ""^ * meMure 

x, . tne Ni>4 gene, e.g., by assaying cell lysates for NS4 mRNA transrrmtc r 

In addition, animal-based systems or models for a mammalian body weight disorder for e , 
mice containing a human or altered form „f ' mp,C ' ^^"^ 

of exhibiting „ abiliiy ,o .meliorate symptoms a . , sllffi ,. , . * P " '° " '°" ,pamd a «*"«> 

» amehoratio,, of body weigh, disJ^Z I "' C ™ mn,, °" " ' - «■*- "* » ** - 
^»-,-v ersal0 fLj::— £"~"»~**<-*-<»-.-,*~-« 

body weigh, disorder resul „ from ^ a "' e " 0r>,e ' 1 ««™..ve,y, " *<« i„s,a„ce s whereby ,h, mamma.ian 
expressed and symptoms of, he rf „ gene product such that an unimpaired NS4 gene produc, is 

====== —====== 

Alternatively, symptoms of certain body weight disorders such « f 

which involve a lower than normal hoH ■ „ u ' eXamP ' e ' a " d anorexia . 

lower than normal body we.ght phenotype, may be ameliorated by increasing the level of NS4 
express,on and/or NS4 gene product activity. S4 gC " e 

(a) Inhibitory Amisense, Ribozyne and Triple Helix Approaches 

antisense gene "knock out " rih. „ sequences m conjunction with well-known 

, gene knock-out, r.bozyme and/or triple helix methods to decrease the level of NS4 „ 
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.riple tali, mo , ec „ e , Such mofccilles may ^ desjgned m reduce 
5 mRNA T"" ^ m ° ,eC "' eS " '° ** *' — — ° f W**. ,o 

^ ^ preven "" s — a— design „ f „ gonueleo ,r d r: a 

complementary to a target «ene mRNA n,., ,• ,• oligonucleotides that are 

n»N ^ ^ransc , „ " °" g0nUC,e ° tides wil1 b "« to the complementary target o ene 

»~ U transits and prevent translation. Absolute complementary, ahhough preferred, is not rejred 
A sequence "complementary" to a portion of an rna r ^ . 

* contain and sti„ form a stab.e dup,ex (or triplex, as the case may be) One s.i.led in the art c 

j ... J uc '- wne SKined in the art can ascertain a tolerable 



2&u 



25 



nch.de other appended groups such as peptides fr*. for targeting host eel, receptors i„ v,™), or a „ e n, faci.itatine 
transport across the cell membrane (see <, 0 i », • , agents facilitating 

, • membrane (see, e.g., Letsmger et ai, Proc. Natl. Acad. Sci. U.S.A. 86- 6553-6556 H9R9V 

Lemaitre e, ai, Proc. Natl. Acad Sci. U.S.A. 84 648-659 H987V PPT P wr ■ X 
35 December 15 l988W,hehi hk • u ' 648 652 < 1987 >' PCT Publication No. W088/098.0, published 

^cmucr i^, lyjss; 0 r the blood-brain barrier fvp a di-t n ui 
1988^ hvhrM- Publ.cat.on No. W089/I0134, published April ?5 

1988), hybr.d.zat.on-rr.ggered cleavage aeents (see ee K rn u, n , «• r . . , P ' 

g msisece.*, Krole/a/., B.oTechmques 6: 958-976 (1988) or intercalating 
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agents (see e.g., Zon, Pharm. Res. 5* 539-549 (1 9RR\ Tn thic * a *u .- 
mni. i " S end ' the 0,1 g° n "cleotide may be conjugated to another 

Th. amis™. „,i g o„ uc , eMide may comprisf u om ^.^ ^ 

' «« . ,5- 6 ,3,-« 48 „ r Th "" S0ra,C ' eO,,de -^O-n^ioon^o.i,,, Onoue 

330(1987). 6 ' 48< " 87) ' 0 " cl '""""™A-DNAa„,l„ E „e( 1 „„„e„ i „.,f £3StoI 2 ! 5 : 3 27 . 

Oiig.nucleo.te of ,h e invention may ne sy „ lnesized by san<fard 
- — DN A syn , hes i 2 „ (such as a „ „„ y avai|abJc from - * « - 

How™, i, „ „ ften dimcu „ „ „ hieve imrace||u|ar concenMjons ^ ^ ^ m ^ 
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of e „ d . ee „ 01 , s mRNAs. Th eref o re . prrfemd approae „ ^ 
*« o„,„„„ cl e„ tide is placed u „ d „ , he comro , of a ^ ^ m ^ - 

RNAs ,b„ „, fom , complerae „ Mry taM paj „ wi , h fc endo8enous J - 

5 — f me _ ge „ mRNA p „ _ p|e _ v _ _ ^ imrodueed J 

:;:r:; mnscrip,i 7 f ™ m,istnse ^ such ■ — - ■— — - — 

n.cgr.,c d as ,c s „ „ c be ascribe. ,„ prodllc , !hc desired antismse ^ ^ 
- b. by -ny ,,on,o,e, k „„w„ ln the „ „ m „ — a „ an 

— e « c „„s, te ive. such _ incWe bu , „ e nm |MKd m: sy4o e> ™^ 

? : virus (Yamamoto, <?/ a/ CW/ 22- 7X7 7Q7 noem *u u OUS sarcoma 

S ^ wcw/c 797 ° 980) ' t ^^ 
ij ^ca^. 5c/. 78- 1441-1445 H9tf n th*> i ♦ 

296,9 (,9«2>, ««. Any „„. 0fplasmi4 cosm ,. d YAC or ,i„, »ec,„ r can be „se d ,„ prepare the 

j ~» molecufcs dcsig „ ed to caMlj1ica| , y c|eave mRNA , ra J rip » «. a,lt l d 

• « ,™ s ,a,io„ of „ rg e, g5ne mRNA ,„ d , ,b ere f„ re , expression gene ™ 

! '^^^"~.~o«^4, ^^^^^ 

R.b.zym.s are =.^ it RNA m„,ecn,es c.pab,. of ca Kly2ing , he specific eleavage „ f ^ 
bT"T -"f—^^'O^) -m,ba„ ism o fri bo zym .ac n on,v„,; s ^J s L; 

, U S. P a„„, No. 5,093, 2 «, wbicb «, inco wd he rei „ by „f e „„ce i„ iK 

mRNA "T"" """ mRNA a ' * ^ reC ° S " i "°" Se "" e "« «» » ^-oy .arge, ge „e 

^AMb eu «„fb.m m ^, dri b„^ esispref ^. H _ dribo ^ esc ^ 

mRNA b,„ ,be f„,,„„ lng » OMnce of w „ „ ases: ^ .« 

o^ta-w tel VCH Publishers Nw york ^ ' '2 « 

HaseloffandOerlach, 334. 585.5,. ,,o„> u t - ' ° ' ' and 

Pr.f, ra bly ,he ribozyme is en g i„o, red „ , he cleavage recognitio „ ^ ,, " 
^ mRNA, ,., ,o i„_ e ffi c ie „ cy a„ d minim,* ,b e i Me „„-ao„mn,a,i„„ 
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ribo™ ^ "IT" PreSen ' ,mem '°" alS ° RNA «™in,„e, Xecn.typ. 

nb^es ^chastheonetna,™,^, re,^, WM ^ omlas0 , eIVS orL . ]9Ivs ^ 

P Cv.1-t>pe nbozymes which target eieht base-Dai- irf»,~ 

s.te sequences that are present in the target gene. P 

As in the antisense approach, the ribozymes can be exposed of mo dif,ed o.igonucleotides <e g for 

method of dehvery invo.ves using a DNA construct "encoding" the ribo 2yme under the contro, of a s i 
S — POlI ''--«P-te r! sothat_ censwinproducesuf^ientquantitiesoft^o^ 
m Cata,yt ' C ' 3 ,0Wer '"traceHuIar concentration is required for efficiency 

| Endogenous target gene expression can also be reduced by inactivating or "knocking out" the target gene 

m or ns promoter us.ng targeted homologous recombination (e„ see Smithies . al ., Nature 3I7: 230 , " 

Thomas and Capecchi, Ceil 51- 503-512 HQK7V , 

— 3UJ ^ ( 198 ')> Thompson e/ aL, Cell 5: 313-321 ri9f?OV ~f u- u • 

. i—, by ht „,„ „ For example a - j „ :i:zr 
« DNA _ „ anked 6> dna ,„ fc „ dogenous , argel gene (ei : j: ~ 

™ s .»„ o ftte ,„ g „ sm) can be used , wiIh or wiihom a sefccBbk marknantoan s ;™ s 

zi'° ; eells - express ,hc — ~ - — - - ; 

:;r , where mod '" ca "°" ! ,o es (n --> - - - - - — ^ 

17 T 8ene see Tbomas ™ d Capecchi - 1987 and ™° mpw i989 - — * *-» *.»p- 

the^re^ ^ USe ' lumans provided the recombin a nl DNA constructs are directly administered or taigeterj^o 
the required Me m v/vo using appropriate viral vectors. 

Aitemativeiv, endogenous target gene expression can be reduced by targeting d,„xyrib„„ u c,e„,ide 
to . n,.,p,ehe„c a ,suucru,es,h„preve„, transcription of,he, a rgetge„e in targe, c.lis in the body. (See .enera,," 
Maher, B,oassqys M( 12): 807-8 15(1 992). 

*ng,e suanded and composed of deoxynudeotides. The base composition of these oiigonucieotides must be desired 
■o promoterrrpien.iix formation yi a Ho^s,«n base pairing nties. vvhich ge„er.,,y rcouire sizeabie strc^so^ 
punnes or pyrimidin.s ,o be present on on, strand of a dupiex. NuCeotide sequences may be pvtij^ ,1 
which „i„ resui, .„ TAT „d CCC- tripiets across the three associated strj.f the r^ "t 
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, P Z?* h m °" C " fe Pr ° VMe <°~-* "Bio, of , smg ,e stmnd of the du P ,e> , n 

. P» e, ortentanon to tha, snand. ,„ addition, nucleic acjd mo|reu|es may ta ^ 

— * ~- . stretch ore residues. ^ se mo ,ccu,es wil , form . „ ip , e Mix wi]h _ dna > • " 

in GGC triplets across the three strands in the triplex. 

A "T7' •"" PO, "" i '" Se ''" e,,ces ""' ca " " "" "«■* h * "»—- °y 

; ^asoc.,,ed nucleic acid molccufc . s^.^^^^^^^^^ " 

for , sKe.b.e stretch of either purmcs or pyrlmid ,„ es M be prKeni on ow smu , d of a dup|ex " 

inhibit ,n r"" S " herei " "* ««* "W n-U molecu.es described herein „ m i lke d „ 

h, „ m g ene expresslon , „ „ possMe , hat fc tKlin . qiie ^ so reduM ^ 

Cnple e„ x) ,„d,„r Nation ( .„, isense , rib02ynle) of mRNA produced ^ ^ 

r: rrr whmin * e ~™ ° f n °™" — — — — .^w^.j:: 

' " 0nna ' Phen< " yPe » « *»• -»«™»«y no™, ,eve, s of „r g e, gene activity Z 

_* ^fo„, „ u c„c » d m o,cc. es .„ enc ^ Md express ,„ ge , gene polypep , id ; ; xhibit ~ 

r r * be inmduced in, ° ce,is via s ™ - - — — ed , , ha , d „ 

no cont.tn sequences susceplible „ whatev „ „ n . M „ sei r , bozyme w tnpie he]k 

A,*™,,™,,, M msKnces whe „ by „,„ , argM gene ^ ^ H|race||uiar ^ ^ • 

.dmtn.st.r norm,, , argH gene proMi „ ,„ or(fer , o mainiain ^ kve| ^ Mw ^ ■ 

' method ^ *" DNA ' ribOZyn,e ' heliX """^ ° f ,h£ •< P-P- * »y 

; method known in the an for the synthesis of DNA and RNA molecules, as discussed above. These include techniques 
* cnenttca y synthesizing „,i g „de„y,ibo„uc,.o„des and „.„ ^ ,„ fc _ J 

.^lesol^hasephos.hor.rnid,^^,,,^^^^.,,^^^^^ 

an d - TO o tran^tion of DNA sequences e„co d i„ g the .ntiseuse RNA ntoleculc. Such DNA sequences may be 
nco^te. ,„ w . .ide varie, of vectors tha, income suitable RNA ..merase _ slh as the 
SP6 polymerase .remoter, Altem.tiveiy, antisens, cDNA constructs tha, synthesize a „,ise„se RNA constitutive,, 
or tnducbiy, d.pe„di„ g on the promoter used, can be introduced s„b,y into cel. lines. 

(b) Gene Replacement Therapy 

*** <,rr s 7r kk acid herein - ^ m fw ,he ° f - — »- ^ 

...ncludtng obesicy, cachexia, and anorexia. Such treamten, can be in, he form of g .„e placemen 
•Nenapy Spec, fi c a „y, one or more copies of. norma, NS, gen. or a portion of the NS 4 g en tha, d rects h 
prc.nc„o„ of, NS4 g e„. product e,bibi,i„ g norm., NS4 gene function, ma y be inserted into the appropriate 
w»h,n . P .„e„t, ns,„ g vectors tha, include, bu, m no, .imited to .denovi™, .deno-.ssoei.t.d virus an 
rcovtrus vectors, in addition to other panicles th.t introduce DNA into cells, such as liposomes ' 

Because the NS4 gen, is pressed in the brain, such g ene rep„ceme„, therapy techniques sh„u,d be capab,e 
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^ ai e.g. , 1 Publication No W089/im^ ~, ur L _i . 
to enable NS4 gene sequences to cross the blonH h ■ k 25 ' ' 988) «" be used 

--spe^ 

described above, are preferable. ^ ^ SUCh «» for —ple, those 

In another embodiment, techniques for delivery involve direct arfmi ■ , , 

^~^.-.«.»-Jin^»T w r of m endws ns4 - «- * 

«... is „„™ ally exp„ ssed . ' ' '° * e """«*>" ° f ™ «*»«« NS4 gene 

non-recombinant. 

£ u.soroer symptoms. Such cells may be either recombinant or 

^~^M,^■zz^rr^:r:' - ■ ,, '- ta ■— ■ 

^-^lJ^rzrrz^ ( :r , ""*■- ,,, ---•- 

*« , tet immune rew againsi fc ^ i — - — 

to those of*,, in the art ,„ i„ stances in wh - h A US ' ng ^"'O^ *« « 

All patent and literature references cited in t», a 

cted ,„ the present specification are hereby incorporated by reference 
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in their entirety. 

EXAMPLES 

C ™''> "■»-* — «f-ed ,„ in me exampies w e « „„„ accoriiing ,„ 

instructions un ess otherwise indiV^H tu*> * f . * IU Iacrurer s 

the specification by ATCC ^ * f °" OWin8 ^ 

spec.ficat.on, by ATCC access.on numbers is the American Type Culture Collection, Manassas, VA. 

EXAMPLE 1 

aw, 3 to™°r ins, 7 po ,iga ~-*^ 

OenBank). ^ ""^ was p e rfo™ e d using the computer program BLAST™ BLASTS rA„ t , , 

* ^ ~ 8 „ <, „ d „ u ,o , h , , dem L ion » f r::,:;'" 

.« fram s LClT — ~*« "» — - — «- 

- a" 1 , ' SeqUenCe AC( " 096 ' 8 — f — ■ -prises 

, B»ed o„ ,h. consensus seance, ovicides were synrhesized: „ ,o idenri^ by PCR a cDNA Zt 

: r^r k w "' ai *" , ™*"* , ""'"--"--^^n: 

a PCR product of about 1 00- 1 000 bp in Jeneth Tho nmh. « G 

up m jengtn. I ne probe sequences are typ cally 40-55 bn in lenoth i„ ^ 

addi.iona, oi.onucieorides are s y „,„es iz ed „„e» ,„e _ se,„,ncel 8 rL , h a a o m' 5 J 72 

» screen severa, Varies for , MMen^n c , 0 „,, DNA from ,„e libraries was screened by PCR J r 

Ausube, ,,„,. Cm „, Prolocol , ,„ Mecu , ar J*"* -p,,fica,,o„. as per 

PCR primers (forward and reverse) were synthesized' 
^Tdm^r 5' - GATTGGGCAAACGTCTCCAACATGACT - 3' (SEQ ,D NO- 7) 
^PCRHim^r 5' -TTGGTCATGTTTCCAAGAAGAAAGACTCGT "- 3' (SEQ , D NO 8) 

D NA 1 442 A r ti0na,ly ' ' SymhetiC ° li80nUde0tide hybrid '-°" -s constructed from the consensus 

DNA 144269 sequence which had the following nucleotide sequence: 

hybridization probe 

:;caccaac ggaa " ct ^^^ 

' D N °-" W " ,S * Kd ^ hU ™" '«»' "™ RNA from 50 diffcren, „„„,,„ C DNA 
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librarieswaspooIedandusedtocloneDNA146649-178QRi TWrw.Ai-u - 

kivoow i /syRi. The cDNA libraries used to isolate the cDNA clones 

D.e g „, CA » cDNA was primed w„h oligo dT conIai „ ing . No „ ste |inked ; 

wi,h r si " appropr,sKiy by gei • fc ™* - "°- d - • — — 

»«. see, Holmes « & «„, c> 233:1278-1280 (1991)) in the unique Xhol and NoU sites 

DNA sequencing of the clones isolated as described above gave the 1,11 to..,- rw. 

encoding ful, iength po ly pe p ,id. s pro19652 , p R01E , s|6 „„„ pRom50 (SEQ IDNO -> 

s... a, nucTelT DNA ' 46649 -" 85RI ™^ ' -* «P- — « — ^ apparent ^ in i„„ li0D 
a, nuCe.t.de pos„,„„ s 486-488 and a stop s ig„„ „ nucleMlde 

altons and an esthn.ted p, of approbate,, ,.,„. The Cone DN A,4,,8«88 3 contains a si ie open lal 

a "~. ,rans r:: ini,ia,ion * - nuciM,ide ~ - ■ - ~ ~ 

U1 DNAI49995 287, c , /W™*'™"* "^daltonsandan ea.tna.ed pi of approximate,, , 0 00. Th.clone 
^ DNA l 49995-287, contatns , smgle open reading frame „i,h „ apparen, translation., initiation siK al „„ ctewide 

f m an estimated pi of approximately 10.00. 

° <**• P-W* sequences shown ,„ Figure 2A , Figure 2B and 2C ,SEQ ,0 NOs 4 
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The amino acid sequences of PRO.9650 and PRO.98.6 polypeptides are identical except for a mino acid 
pos ltl on 5 wh.ch is occupied by threonine in PRO.9650 and methionine in PRO,98,6 The 7 
proiqa^o « . cuiiuiiine m rKUjysi6. The amino acid sequence 

PRO,9o 2 appears ,„ be truncated variant of P RO „o 5 „, ,„ which , he c . Krmi „ a| „ ^ ' 

Cenma, res.dues are different A comparison of the po, y p. p „de s appears in ^ 4 

ATCCoT„T n H<M '"' 789R '' DNAI49 ' 95 ' 28 " ~ ™A,4„86.2883 have been deposited with ,h. 

"™ y , ^ 3 '' 2000 " d APriK "CC deposit N.s PTA- 

^76, PTA- 1 971 and PTA- 1627 respectively. 

EXAMPLE 2 

Use of NS 4 polynucleotides as hvhrjdization probes 
The f oIlowing method descrjbes use of a nudeotjde sequ£nce encodjng ^ a hybrjdjzatjon 

ho , A nK C ° mPr,Slng ^ C ° ding ° f ^"-Ng* or mature SRT is employed as a probe to screen for 

homologous DNAs (such as those encoding naturally-occurring variants of SRT) in human tissue cDNA libraries 
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Hybridization and washine of filt P rc . • - 

Using standard Northern bint t^u • 
"nes as respond in Figure 5D. ^ ^^SB.jdSQ, and various tumor ceil 
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EXAMPLE 3 

TV ^£lH5ipnofJvJS4inj:. co // 

«- - V be e„,p,o yed A „ *" - »» — vrao , 

r *„, , ambda mnscriptional ieraiiMior j p** ^»«, and em „ okimse cleavagc siK> thg NM 

colonies are then s e, KKd . Phsmid DNA _ ^ * ^ - U, p,a„ s „ d , ntibbtic ^ 

— — m . ysubseq em , y ^ ^ 7 « - "> - so PP , memed wit 

«*» ns, „ ^ ; ^ «^ us ,„ g fc folJow , 8 pwedure Tfc om 

i - ->*. ,„ d relilbfe ,„ ns , t „ on in ,,,, bn ^ ;~ «~. - - ^ sews 

P a "°" ° n ' *.la,io„ co „, mn- „ d 
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proteolytic removal with enterokinase. The PCR-amp.ified, poIy-His tagged sequences are then .."gated into an 
expression vector, which is used to transform an E coli host based on strain 52 (W3110 fuhA(tonA) Ion galE 
■poHt^htpRts) OpP(.ac,q). Transformants are first grown in LB containing 50 mg/ml carbenicil.in at 30°C with 
shaking until an O.D.600 of 3-5 is reached. Cultures are then diluted 50-.00 fold into CRAP media (prepared by 
m.xing 3.57 g (NH 4 ) 2 SC,, 0.7, g sodium citrate.2H 2 0, ..07 g KCI, 5.36 g Difco yeast extract, 5.36 g Sheffield 
hycase SF „ 500 mL water, as we., as .,0 mM MPOS, pH 7.3, 0.55% (w/v) g.ucose and 7 m M MgSC,) and grown 
for approximate,*- 20-30 hours at 30»C with shaking. Samples are removed to verify expression by SDS-PAGE 
analyse and the bulk cu.ture is centrifcged to pellet the cells. Cell pellets are frozen until purification and refo.ding 
E coU paste from 0.5 to 1 L fermentations (6-.0 g pellets) is resuspended in ,0 vo.umes (w/v) in 7 M 
guan,dine, 20 mM Tris, P H 8 buffer. Solid sodium sulfite and sodium tetrathionate is added to make final 
concentrations of 0,M and 0.02 M, respectively, and the so.ution is stirred overnight a, 4°C. This step resu.ts in a 
denatured protein with all cysteine residues b.ocked by su.fitolization. The so.ution is centrifuged at 40,000 rpm in 
a Beckman U.tracentifuge for 30 min. The supernatant is di.uted with 3-5 vo.umes of metal chelate column buffer 
(6 M guanidine, 20 mM Tris, pH 7.4) and filtered through 0.22 micron filters to clarify. The clarified extmct is loaded 
onto a 5 m. Qiagen Ni-NTA metal chelate column equilibrated in the metal chelate column buffer. The column is 
washed w,th additiona. buffer containing 50 mM imidazo.e (Calbiochem, Utrol grade), P H 7.4. The protein is e.uted 
w,th buffer containing 250 mM imidazo.e. Fractions containing the desired protein are pooled and stored at 4°C 
Protem concentration is estimated by its absorbance at 280 nm using the emulated exiinction coefficient based on 
its amino acid sequence. 

The proteins are refolded by diluting the sample s.ow.y into fresh.y prepared refolding buffer consisting of 
20 mM Tris, pH 8.6, 0.3 M Nad, 2.5 M urea, 5 mM cysteine, 20 mM g.ycine and . mM EDTA. Refo.din, volumes 
are chosen so that the fina. protein concentration is between 50 to .00 micrograms/ml. The refo.ding solution is 
sfrred gent.y at 4°C for ,2-36 hours. The refo.ding reaction is quenched by the addition of TFA to a fina. 
concentration of 0.4% (pH of approximate* 3). Before further purification of the protein, the so.ution i, r^ re(i 
through a 0.22 micron fi.ter and acetonitri.e is added to 2-10% fina. concentration. The refo.ded protein is 
chromatographed on a Poros R./H reversed phase co.umn using a mobi.e buffer of 0. . % TFA with e.ution with a 
gra dl ent of acetonitri.e from .0 to 80%. Aliquots of fractions with A280 absorbance are ana.yzed on SDS 
po.yacry.amide gels and fractions containing homogeneous refolded protein are pooled. Generally, the properly 
refolded species of most proteins are e.uted at the .owest concentrations of acetonitri.e since those species are the most 
compact with their hydrophobic interiors shie.ded from interaction with the reversed phase resin. Asgregated species 
are usua..y e.uted at higher acetonitri.e concentrations, .n addition to reso.ving misfo.ded forms of proteins from the 
desired form, the reversed phase step also removes endotoxin from the samples. 

Fractions containing the desired fo.ded NS4 po.ypeptide are pooled and the acetonitri.e removed usin* . 
gent.e stream of nitrogen directed at the so.ution. Proteins are formu.ated into 20 mM Hepes, pH 6.8 with 0 .4 M 
sod.um chloride and 4% mannitol by dialysis or by gel filtration using G25 Superfine (Pharmacia) resins equi.ibrated 
in the formulation buffer and sterile filtered. 
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EXAMPLE 4 
Expression of NS4 in mammalian cells 
This example illustrates preparation of a potentially glycosylated form of NS4 by recombinant expression 
5 in mammalian cells. 

The vector, P RK5 (see EP 307,247, published March 15, 1989), is employed as the expression vector 
Optionally, the NS4 DNA is Iigated into P RK5 with selected restriction enzymes to allow insertion of the NS4 DrM 
using ligation methods such as described in Sambrook e, a,., supra. The resulting vector is called pRK5-NS4. 

In one embodiment, the selected host cells may be 293 cells. Human 293 cells (ATCC CCL 1573) are 
1 0 grown to confluence in tissue culture plates in medium such as DMEM supplemented with fetal calf serum and 
optionally, nutrient components and/or antibiotics. About 10 ug pRK5-NS4 DNA is mixed with about 1 ug DNA 
n encoding the VA RNA gene [Thimmappaya et ai. Cell 31 :543 (1 982)] and dissolved in 500 ul of 1 mM Tris-HCI 
.g 0.1 mM EDTA, 0.227 M CaCI, To this mixture is added, dropwise, 500 ul of 50 mM HEPES (pH 7.35), 280 mM 
m Nad, 1.5mMNaPO, ( anda P reci P itateisall O wedtoformfor.0minutesat25»C. The precipitate is suspended and 
1 £ aoded to the 293 cells and allowed to settle for about four hours at 37»C. The culture medium is aspirated off and 2 
| n,l of 20% g.ycero. in PBS is added for 30 seconds. The 293 cells are then washed with serum free medium, fresh 

? medium is added and the cells are incubated for about 5 days. 
„j Approximately 24 hours after the transfections, the culture medium is removed and replaced with culture 

W medium (alone) or culture medium containing 200 uCi/ml "S-cysteine and 200 uCi/ml Methionine After a 12 
-(^ hour incubation, the conditioned medium is collected, concentrated on a spin filter, and loaded onto a 1 5% SDS gel 
|U The processed gel may be dried and exposed to film for a selected period of time to reveal the presence of NS4 
polypeptide. The cu.tures containing transfected cells may undergo further incubation (in serum free medium) and 
the medium is tested in selected bioassays. 

In an alternative technique, NS4 may be introduced into 293 cells transiently using the dextran sulfate 
method described by Somparyrac et al, Proc. Nat,. Acad. Set., .2:7575 (198.). 293 cells are grown to maxima, 
density ,n a spinner flask and 700 ug P RK5-NS4 DNA is added. The cells are first concentrated from the spinner 
flask by centrifugation and washed with PBS. The DNA-dextran precipitate is incubated on the cell pellet for four 
hours. The cells are treated with 20% glycerol for 90 seconds, washed with tissue culture medium, and re-introduced 
■nto the spinner flask containing tissue culture medium, 5 ug/ml bov ine insulin and 0. 1 ug/ml bovine transferrin 
After about four days, the conditioned media is centrifuged and filtered to remove cells and debris The sample 
containing expressed NS4 can then be concentrated and purified by any selected method, such as dialysis and/or 
column chromatography. 

In another embodiment, NS4 can be expressed in CHO cells. The pRK5-NS4 can be transfected into CHO 
cells using known reagents such as CaPO, or DEAE-dextran. As described above, the cell cu.tures can be incubated 
and the medium replaced with culture medium (alone) or medium containing a radiolabel such as ^-methionine 
After determining the presence of NS4 polypeptide, the culture medium may be replaced with serum free medium 
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Preferably, the cultures are incubated for about 6 days, and then the conditioned medium is harvested. The medium 
containing the expressed NS4 can then be concentrated and purified by any selected method. 

Epitope-tagged NS4 may also be expressed in host CHO cells. The NS4 may be subcloned out of the pRK5 
vector. The subclone insert can undergo PCR to fuse in frame with a selected epitope tag such as a poly-his tag into 
a Baculovirus expression vector. The poly-his tagged NS4 insert can then be subcloned into a SV40 driven vector 
containing a selection marker such as DHFR for selection of stable clones. Finally, the CHO cells can be transfected 
(as described above) with the SV40 driven vector. Labeling may be performed, as described above, to verify 
expression. The culture medium containing the expressed poly-His tagged NS4 can then be concentrated and purified 
by any selected method, such as by Ni 2+ -chelate affinity chromatography. 

NS4 may also be expressed in CHO and/or COS cells by a transient expression procedure or in CHO cells 
by another stable expression procedure. 
q Stable expression in CHO cells is performed using the following procedure. The proteins are expressed as 

Jg an IgG construct (immunoadhesin), in which the coding sequences for the soluble forms (e.g. extracellular domains) 
tM ° f the res P ective Proteins are fused to an IgG 1 constant region sequence containing the hinge, CH2 and CH2 domains 
IS and/or is a poly-His tagged form. 

j Following PCR amplification, the respective DNAs are subcloned in a CHO expression vector using 

SJ standard techniques as described in Ausubel et al., Current Protocols oj Molecular Biology, Unit 3.16, John Wiley 
^ and Sons (1997). CHO expression vectors are constructed to have compatible restriction sites 5' and 3' of the DNA 
B of interest t0 allow tne convenient shuttling of cDNA's. The vector used expression in CHO cells is as described in 
30 Lucas etal, Nvcl. Acids Res. 24:9 (1774-1779 (1996), and uses the SV40 early promoter/enhancer to drive expression 
Q 0f the cDNA of interest and dihydrofolate reductase (DHFR). DHFR expression permits selection for stable 
j !S i, maintenance of the plasmid following transfection. 

Twelve micrograms of the desired plasmid DNA is introduced into approximately 10 million CHO cells 
using commercially available transfection reagents Superfect® (Quiagen). Dosper® or Fugene® (Boehringer 
Mannheim). The cells are grown as described in Lucas et al., supra. Approximately 3 x 10" 7 cells are frozen in an 
ampule for further growth and production as described below. 

The ampules containing the plasmid DNA are thawed by placement into water bath and mixed by vortexing. 
The contents are pipetted into a centrifuge tube containing 10 mLs of media and centrifuged at 1000 rpm for 5 
minutes. The supernatant is aspirated and the cells are resuspended in 10 mL of selective media (0.2 t^m filtered PS20 
with 5% 0.2 M m diaf.ltered fetal bovine serum). The cells are then aliquoted into a 100 mL spinner containing 90 
mL of selective media. After 1-2 days, the cells are transferred into a 250 mL spinner filled with 150 mL selective 
growth medium and incubated at 37°C. After another 2-3 days, 250 mL, 500 mL and 2000 mL spinners are seeded 
with 3 x 10 s cells/mL. The cell media is exchanged with fresh media by centrifugation and resuspension in 
production medium. Although any suitable CHO media may be employed, a production medium described in U.S. 
Patent No. 5,122,469, issued June 16, 1992 may actually be used. A 3L production spinner is seeded at 1.2 x I0 6 
cells/mL. On day 0, the cell number pH is determined. On day I , the spinner is sampled and sparging with filtered 
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air is commenced. On day 2, the spinner is sampled, the temperature shifted to 33°C, and 30 mL of 500 g/L glucose 
and 0.6 mL of 10% antifoam (e.g., 35% polydimethylsiloxane emulsion, Dow Corning 365 Medical Grade Emulsion) 
taken. Throughout the production, the pH is adjusted as necessary to keep it at around 7.2. After 10 days, or until 
the viability dropped below 70%, the cell culture is harvested by centrifugal! on and filtering through a 0.22 filter. 
The filtrate was either stored at 4°C or immediately loaded onto columns for purification. 

For the poly-His tagged constructs, the proteins are purified using a Ni-NTA column (Qiagen). Before 
purification, imidazole is added to the conditioned media to a concentration of 5 mM. The conditioned media is 
pumped onto a 6 ml Ni-NTA column equilibrated in 20 mM Hepes, pH 7.4, buffer containing 0.3 M NaCl and 5 mM 
imidazole at a flow rate of 4-5 ml/min. at 4°C. After loading, the column is washed with additional equilibration 
buffer and the protein eluted with equilibration buffer containing 0.25 M imidazole. The highly purified protein is 
subsequently desalted into a storage buffer containing 10 mM Hepes, 0. 14 M NaCl and 4% mannitol, pH 6.8, with 
a 25 ml G25 Superfine (Pharmacia) column and stored at -80°C. 

Immunoadhesin (Fc-containing) constructs are purified from the conditioned media as follows. The 
conditioned medium is pumped onto a 5 ml Protein A column (Pharmacia) which had been equilibrated in 20 mM 
Na phosphate buffer, pH 6.8. After loading, the column is washed extensively with equilibration buffer before elution 
with 100 mM citric acid, pH 3.5. The eluted protein is immediately neutralized by collecting 1 ml fractions into tubes 
containing 275 „L of 1 M Tris buffer, P H 9. The highly purified protein is subsequently desalted into storage buffer 
as described above for the poly-His tagged proteins. The homogeneity is assessed by SDS polyacrylamide gels and 
by N-terminal amino acid sequencing by Edman degradation. 



EXAMPLE 5 
Expression of NS4 in Yeast 
The following method describes recombinant expression of NS4 in yeast. 

First, yeast expression vectors are constructed for intracellular production or secretion of NS4 from the 
ADH2/GAPDH promoter. DNA encoding NS4 and the promoter is inserted into suitable restriction enzyme sites in 
the selected plasmid to direct intracellular expression of NS4. For secretion, DNA encoding NS4 can be cloned into 
the selected plasmid, together with DNA encoding the ADH2/GAPDH promoter, a native NS4 signal peptide or other 
mammalian signal peptide, or, for example, a yeast alpha-factor or invertase secretory signal/leader sequence, and 
linker sequences (if needed) for expression of NS4. 

Yeast cells, such as yeast strain AB1 10, can then be transformed with the expression plasmids described 
above and cultured in selected fermentation media. The transformed yeast supernatants can be analyzed by 
precipitation with 10% trichloroacetic acid and separation by SDS-PAGE, followed by staining of the gels with 
Coomassie Blue stain. 



98 



• # 

P2871R1 

Recombinant NS4 can subsequently be isolated and purified by removing the yeast cells from the 
fermentation medium by centrifugation and then concentrating the medium using selected cartridge filters. The 
concentrate containing NS4 may further be purified using selected column chromatography resins. 



EXAMPLE 6 

Expression of NS4 in Baculovirus-Infected Insect Cells 
The following method describes recombinant expression of NS4 in Baculovirus infected insect cells. 
The sequence coding for NS4 is fused upstream of an epitope tag contained within a baculovirus expression 
vector. Such epitope tags include poly-his tags and immunoglobulin tags (like Fc regions of IgG). A variety of 
plasmids may be employed, including plasmids derived from commercially available plasmids such as pVL1393 
(Novagen). Briefly, the sequence encoding NS4 or the desired portion of the coding sequence of NS4 such as the 
sequence encoding the extracellular domain of a transmembrane protein or the sequence encoding the mature protein 
if the protein is extracellular is amplified by PCR with primers complementary to the 5' and 3' regions. The 5' primer 
may incorporate flanking (selected) restriction enzyme sites. The product is then digested with those selected 
restriction enzymes and subcloned into the expression vector. 

Recombinant baculovirus is generated by co-transfecting the above plasmid and BaculoGold™ virus DNA 
(Pharmingen) into Spodoptera frugiperda ("S»") cells (ATCC CRL 1 71 1) using lipofectin (commercially available 
from G1BCO-BRL). After 4 - 5 days of incubation at 28°C, the released viruses are harvested and used for further 
amplifications. Viral infection and protein expression are performed as described by O'Reilley et aL, Baculovirus 
expression vectors: A Laboratory Manual, Oxford: Oxford University Press (1994). 

Expressed poly-his tagged NS4 can then be purified, for example, by Ni 2+ -chelate affinity chromatography 
as follows. Extracts are prepared from recombinant virus-infected Sf9 cells as described by Rupert et aL, Nature, 
362:175-179 (1993). Briefly, Sf9 cells are washed, resuspended in sonication buffer (25 mL Hepes, pH 7.9; 12.5 mM 
MgCl,;0.1 mMEDTA; 10% glycerol; 0.1% NP-40; 0.4 M KC1), and sonicated twice for 20 seconds on ice. The 
sonicates are cleared by centrifugation, and the supernatant is diluted 50-fold in loading buffer (50 mM phosphate, 
300 mM NaCl, 10% glycerol, pH 7.8) and filtered through a 0.45 pirn filter. A Ni 2 -NTA agarose column 
(commercially available from Qiagen) is prepared with a bed volume of 5 mL, washed with 25 mL of water and 
equilibrated with 25 mL of loading buffer. The filtered cell extract is loaded onto the column at 0.5 mL per minute. 
The column is washed to baseline A 280 with loading buffer, at which point fraction collection is started. Next, the 
column is washed with a secondary wash buffer (50 mM phosphate;'300 mM NaCI, 10% glycerol, pH 6.0), which 
elutes nonspecifically bound protein. After reaching A 280 baseline again, the column is developed with a 0 to 500 mM 
Imidazole gradient in the secondary wash buffer. One mL fractions are collected and analyzed by SDS-PAGE and 
silver staining or Western blot with Ni 2+ -NTA-conjugated to alkaline phosphatase (Qiagen). Fractions containing the 
eluted Hisi 0 -tagged NS4 are pooled and dialyzed against loading buffer. 

Alternatively, purification of the IgG tagged (or Fc tagged) NS4 can be performed using known 
chromatography techniques, including for instance, Protein A or protein G column chromatography. 
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EXAMPLE 7 
Preparation of Antibodies that Bind NS4 
This example illustrates preparation of monoclonal antibodies which can specifically bind NS4. Techniques 
5 for producing the monoclonal antibodies are known in the art and are described, for instance, in Goding, supra. 
lmmunogens that may be employed include purified NS4, fusion proteins containing NS4, and cells expressing 
recombinant NS4 on the cell surface. Selection of the immunogen can be made by the skilled artisan without undue 
experimentation. 

Mice, such as Balb/c, are immunized with the NS4 immunogen emulsified in complete Freund's adjuvant 
1 0 and injected subcutaneously or intraperitoneal ly in an amount from 1 - 1 00 micrograms. Alternatively, the immunogen 
is emulsified in MPL-TDM adjuvant (Ribi Immunochemical Research, Hamilton, MT) and injected into the animal's 
^ hind foot pads. The immunized mice are then boosted 10 to 12 days later with additional immunogen emulsified in 
;| the selected adjuvant. Thereafter, for several weeks, the mice may also be boosted with additional immunization 
injections. Serum samples may be periodically obtained from the mice by retro-orbital bleeding for testing in ELISA 

1 5jjf assays to detect anti-NS4 antibodies. 

r~! 

'2 33* 

B p After a suitable antibody titer has been detected, the animals "positive" for antibodies can be injected with 

|JJ a final intravenous injection of NS4. Three to four days later, the mice are sacrificed and the spleen cells are 
^ harvested. The spleen cells are then fused (using 35% polyethylene glycol) to a selected murine myeloma cell line 
□ such as P3X63AgU. I , available from ATCC, No. CRL 1 597. The fusions generate hybridoma cells which can then 
2 t be plated in 96 we " tissue culture P' ates containing HAT (hypoxanthine, aminopterin, and thymidine) medium to 
inhibit proliferation of non-fused cells, myeloma hybrids, and spleen cell hybrids. 
j«J The hybridoma cells will be screened in an ELISA for reactivity against NS4. Determination of "positive" 

hybridoma cells secreting the desired monoclonal antibodies against NS4 is within the skill in the art. 

The positive hybridoma cells can be injected intraperitoneal ly into syngeneic Balb/c mice to produce ascites 
containing the anti-NS4 monoclonal antibodies. Alternatively, the hybridoma cells can be grown in tissue culture 
flasks or roller bottles. Purification of the monoclonal antibodies produced in the ascites can be accomplished using 
ammonium sulfate precipitation, followed by gel exclusion chromatography. Alternatively, affinity chromatography 
based upon binding of antibody to protein A or protein G can be employed. 

30 EXAMPLE 8 

Purification of NS4 Polypeptides Using Specific Antibodies 
Native or recombinant NS4 polypeptides may be purified by a variety of standard techniques in the art of 
protein purification. For example, pro-NS4 polypeptide, mature NS4 polypeptide, or pre-NS4 polypeptide is purified 
by immunoafflnity chromatography using antibodies specific for the NS4 polypeptide of interest. In general, an 
35 immunoaffinity column is constructed by covalently coupling the anti-NS4 polypeptide antibody to an activated 
chromatographic resin. 
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Polyclonal immunoglobulins are prepared from immune sera either by precipitation with ammonium sulfate 
or by purification on immobilized Protein A (Pharmacia LKB Biotechnology, Piscataway, N.J.). Likewise, 
monoclonal antibodies are prepared from mouse ascites fluid by ammonium sulfate precipitation or chromatography 
on immobilized Protein A. Partially purified immunoglobulin is covalently attached to a chromatographic resin such 
as CnBr-activated SEPHAROSE™ (Pharmacia LKB Biotechnology). The antibody is coupled to the resin, the resin 
is blocked, and the derivative resin is washed according to the manufacturer's instructions. 

Such an immunoaffinity column is utilized in the purification of N-S4 polypeptide by preparing a fraction 
from cells containing NS4 polypeptide in a soluble form. This preparation is derived by solubilization of the whole 
cell or of a subcellular fraction obtained via differential centrifugation by the addition of detergent or by other 
methods well known in the art. Alternatively, soluble NS4 polypeptide containing a signal sequence may be secreted 
in useful quantity into the medium in which the cells are grown. 

A soluble NS4 polypeptide-containing preparation is passed over the immunoaffinity column, and the 
column is washed under conditions that allow the preferential absorbance of NS4 polypeptide (e.g., high ionic 
strength buffers in the presence of detergent). Then, the column is eluted under conditions that disrupt antibody/NS4 
polypeptide binding (e.g., a low pH buffer such as approximately pH 2-3, or a high concentration of a chaotrope such 
as urea or thiocyanate ion), and NS4 polypeptide is collected. 

EXAMPLE 9 
Drug Screening 

This invention is particularly useful for screening compounds by using NS4 polypeptides or binding 
fragment thereof in any of a variety of drug screening techniques. The NS4 polypeptide or fragment employed in 
such a test may either be free in solution, affixed to a solid support, borne on a cell surface, or located 
intracellular^. One method of drug screening utilizes eukaryotic or prokaryotic host cells which are stably 
transformed with recombinant nucleic acids expressing the NS4 polypeptide or fragment. Drugs are screened 
against such transformed cells in competitive binding assays. Such cells, either in viable or fixed form, can be 
used for standard binding assays. One may measure, for example, the formation of complexes between NS4 
polypeptide or a fragment and the agent being tested. Alternatively, one can examine the diminution in complex 
formation between the NS4 polypeptide and its target cell or target receptors caused by the agent being tested. 

Thus, the present invention provides methods of screening for drugs or any other agents which can affect 
a NS4 polypeptide-associated disease or disorder. These methods comprise contacting such an agent with an NS4 
polypeptide or fragment thereof and assaying (I) for the presence of a complex between the agent and the NS4 
polypeptide or fragment, or (ii) for the presence of a complex between the NS4 polypeptide or fragment and the cell, 
by methods well known in the art. In such competitive binding assays, the NS4 polypeptide or fragment is typically 
labeled. After suitable incubation, free NS4 polypeptide or fragment is separated from that present in bound form, 
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and the amount of free or uncomplexed label is a measure of the ability of the particular agent to bind to NS4 
polypeptide or to interfere with the NS4 polypeptide/cell complex. 

Another technique for drug screening provides high throughput screening for compounds having suitable 
binding affinity to a polypeptide and is described in detail in WO 84/03564, published on September 13, 1984. 
5 Briefly stated, large numbers of different small peptide test compounds are synthesized on a solid substrate, such as 
plastic pins or some other surface. As applied to an NS4 polypeptide, the peptide test compounds are reacted with 
NS4 polypeptide and washed. Bound NS4 polypeptide is detected by methods we!! known in the art. Purified NS4 
polypeptide can also be coated directly onto plates for use in the aforementioned drug screening techniques. In 
addition, non-neutralizing antibodies can be used to capture the peptide and immobilize it on the solid support. 
10 This invention also contemplates the use of competitive drug screening assays in which neutralizing 

antibodies capable of binding NS4 polypeptide specifically compete with a test compound for binding to NS4 
r s i polypeptide or fragments thereof. In this manner, the antibodies can be used to detect the presence of any peptide 
which shares one or more antigenic determinants with NS4 polypeptide. 



I £l EXAMPLE 10 

Rational Drug Design 

%j The goal of rational drug design is to produce structural analogs of biologically active polypeptide of interest 

(i.e., an NS4 polypeptide) or of small molecules with which they interact, e.g., agonists, antagonists, or inhibitors. 
Any of these examples can be used to fashion drugs which are more active or stable forms of the NS4 polypeptide 
20"" or which enhance or interfere with the function of the NS4 polypeptide in vivo (c.f, Hodgson, Bio/Technology, 9: 
:i( 19-21 (1991)). 

M In one approach, the three-dimensional structure of the NS4 polypeptide, or of an NS4 polypeptide-inhibitor 

complex, is determined by x-ray crystallography, by computer modeling or, most typically, by a combination of the 
two approaches. Both the shape and charges of the NS4 polypeptide must be ascertained to elucidate the structure 

25 and to determine active site(s) of the molecule. Less often, useful information regarding the structure of the NS4 
polypeptide may be gained by modeling based on the structure of homologous proteins. In both cases, relevant 
structural information is used to design analogous NS4 polypeptide-like molecules or to identify efficient inhibitors. 
Useful examples of rational drug design may include molecules which have improved activity or stability as shown 
by Braxton and Wells, Biochemistry, 3L7796-7801 (1992) or which act as inhibitors, agonists, or antagonists of 

30 native peptides as shown by Athauda et al, J. Biochem., 1 13 :742-746 (1993). 

It is also possible to isolate a target-specific antibody, selected by functional assay, as described above, and 
then to solve its crystal structure. This approach, in principle, yields a pharmacore upon which subsequent drug 
design can be based. It is possible to bypass protein crystallography altogether by generating anti-idiotypic antibodies 
(anti-ids) to a functional, pharmacologically active antibody. As a mirror image of a mirror image, the binding site 

35 of the anti-ids would be expected to be an analog of the original receptor. The anti-id could then be used to identify 
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and isolate peptides from banks of chemically or biologically produced peptides. The isolated peptides would then 
act as the pharmacore. 

By virtue of the present invention, sufficient amounts of the NS4 polypeptide may be made available to 
perform such analytical studies as X-ray crystallography. In addition, knowledge of the NS4 polypeptide amino acid 
sequence provided herein will provide guidance to those employing computer modeling techniques in place of or in 
addition to x-ray crystallography. 

EXAMPLE 1 1 



Investigation of Weight, Leptin Levels, Food Intake, Urine Production, Oxygen Consumption, and Triglyceride 
10 and Free Fatty Acid Levels in NS4 Transgenic Mice 

A DNA fragment containing an open reading frame encoding NS4 is amplified using PCR and cut with 
restriction enzymes Xhol and EcoRV. The DNA is then gel-purified and ligated into an expression vector previously 
digested with the same same enzymes. 

has 

Hi Next, the cDNA encoding human NS4 is cloned into a plasm id that contains the promoter for myosin light 

jI5 chain (MLC). This promoter is sufficient for muscle specific transcription of the transgene. A splice acceptor and 
□ donor can also be also included 5* to the NS4 cDNA in order to increase the level of expression. Moreover, a splice 
donor and acceptor with a poly A addition signal can also be included 3' to the NS4 cDNA in order to increase the 
: ~j level of transcription and to provide a transcription termination site. 

The DNA encompassing the MLC promoter, the 5' splice acceptor and donor, the NS4 cDNA and the 3' 
2J0 splice acceptor and donor and the transcription termination site (the transgene) is released from the bacterial vector 
H sequences using appropriate restriction enzymes and purified following size fractionation on agarose gels. The 
\ s ;l purified DNA is injected into one pronucleus of fertilized mouse eggs and transgenic mice generated and identified 
as described (Tim Stewart, "Genetic Modification of Animals"; Exploring Genetic Mechanisms, pp 565-598 (1997) 
Eds M Singer and P Berg; University Science Books; Sausalito, Calif). Unless otherwise noted mice are maintained 
25 on standard lab chow in a temperature and humidity controlled environment. Standard mouse chow is Purina 5010 
(Harlen Teklab, Madison Wl). The high fat (58% kJ fat) and low fat (10.5% kJ fat) isocaloric diets discussed below 
are based on the diets described by Surwit and colleagues (Surwit, R.S. et al., Metabolism: Clinical & Experimental 
44, 645-651 (1995)) and can be purchased from Research Diets (New Brunswick NJ). A 12 hour (6.00PM/6.00AM) 
light cycle is used. After the NS4 transgenic mice are 8 months old, they are age-matched with no n -transgenics and 
30 analyzed using the pDEXA Sabre X-ray bone densitometer (Norland Medical Systems, Inc.). The mice are 
anethetized for 6-8 minutes. A reduction in either total body mass or fat content (as a % of body weight) of NS4 
transgenic mice mice compared to non-transgenic controls is indicative of utility for body weight disorders. 

Additionally, the effect of increased foor intake and metabolic rate (as evidenced by their rate of oxygen 
consumption) can also be measured. Decreased body weight in combination with increased food intake could be 
35 indicative of a general decrease in adiposity levels. Moreover, increased food intake in combination with increased 
urine output, without an increase in water intake could be indicative of an increased metabolism 
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Obesity and elevated triglycerides and free fatty acids are risk factors for cardiovascular disease. NS4 can 
be investigated for whether it might reduce either triglycerides or free fatty acid levels. 

The following materials have been deposited with the American Type Culture Collection, 10801 University 
Blvd., Manassas, VA 201 10-2209, USA (ATCC): 

MaMjal ATCC Dep. No. Deposit Date 

DNA146649-1789R1 PTA-3376 May 15, 2001 

DNA 1 49986-2883 PTA- 1 627 April 4, 2000 

DNA 149995-2871 PTA- 1971 May 31, 2000 

This deposit was made under the provisions of the Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for the Purpose of Patent Procedure and the Regulations thereunder (Budapest Treaty). 
This assures maintenance of a viable culture of the deposit for 30 years from the date of deposit. The deposit will 
be made available by ATCC under the terms of the Budapest Treaty, and subject to an agreement between Genentech, 
inc. and ATCC, which assures permanent and unrestricted availability of the progeny of the culture of the deposit 
to the public upon issuance of the pertinent U.S. patent or upon laying open to the public of any U.S. or foreign patent 
application, whichever comes first, and assures availability of the progeny to one determined hy the U.S. 
Commissioner of Patents and Trademarks to be entitled thereto according to 35 USC §122 and the Commissioner's 
rules pursuant thereto (including 37 CFR §1.14 with particular reference to 886 OG 638). 

The assignee of the present application has agreed that if a culture of the materials on deposit should die or 
be lost or destroyed when cultivated under suitable conditions, the materials will be promptly replaced on notification 
with another of the same. Availability of the deposited material is not to be construed as a license to practice the 
invention in contravention of the rights granted under the authority of any government in accordance with its patent 



laws. 



The foregoing written specification is considered to be sufficient to enable one skilled in the art to practice 
the invention. The present invention is not to be limited in scope by the construct deposited, since the deposited 
embodiment is intended as a single illustration of certain aspects of the invention and any constructs that are 
functionally equivalent are within the scope of this invention. The deposit of material herein does not constitute an 
admission that the written description herein contained is inadequate to enable the practice of any aspect of the 
invention, including the best mode thereof, nor is it to be construed as limiting the scope of the claims to the specific 
illustrations that it represents. Indeed, various modifications of the invention in addition to those shown and described 
herein will become apparent to those skilled in the art from the foregoing description and fall within the scope of the 
appended claims. 
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